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@ Molded case current limiting circuit breaker. 

@ A molded case circuit braker comprising a 
molded housing, a plurality of pairs of separ- 
able main contacts canried within said housing, 
each pair defining a movably mounted main 
contact and means for cooperating with said 
movably mounted main contacts which fornis a 
fixed main contact portion, a plurality of mov- 
ably mounted contact arms for carrying said- 
movabiy mounted main contacts, rotatably 
mounted for movement defining a dosed posi- 
tion, an open position, a trip position, and a 
blow open position, an operating mechanism, 
and a substantially flat line said conductor (300) 

fei^Ga rry i ng sai d fix e d main c on tac t po r tio ns- 

(312) defining a contact portion adjacent one 
end forming a line side tenninal on an opposing 
end, said line conductor including means (321) 
for reversing the direction of electrical flow 
( 330) in saind coop eratin g means r elative to t he 
direction of electrical current flow (326,328) 
from the line side teminal when the circuit 
breaker is in a dosed position, in which said 
line side conductor is formed as a substantially 
flat rectangular member defining a longitudinal 
axis and transverse axis. 
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The present invention relates to a molded case 
circuit breaker and in particular to a current limiting 
molded case circuit breaker to enable the current lim- 
iting circuit breaker to be disposed In a relative small 
breaker frame size. 5 

Molded case circuit breakers are knov^^n, an ex- 
ample is disclosed in the specification of U.S. Patent 
No. 4,891,618. Such circuit breakers are used to pro- 
tect electrical circuitry from damage due to an over- 
current condition, such as an overload or a short cir- io 
cuit or both. An overload normally is about 200-300% 
of the nominal current rating of the circuit breaker, 
while a short circuit may be 1000% or more of the 
nominal current rating of the circuit breaker. 

Overload protection is normally provided by a bi- is 
metal disposed in series with a load conductor. The bi- 
metal normally consists of two strips of metal having 
different rates of thermal expansion, bonded together 
atone end. On a sustained overload, the bimetal will 
deflect due to the heat and engage the circuit breaker 20 
trip bar to trip the circuit breaker. 

Short circuit protection may also be provided by 
magnetic repulsion members, as disclosed in the 
specif icatk)n of U.S. Patent No. 4,891,618. 

Such current limiting circuit breakers are provid- 25 
ed in various frame sizes. The frame size refers to a 
number of Important characteristics of the circuit 
breaker, such as maximum allowable voltage and cur- 
rent. Interrupting capacity and physical dimensions of 
the molded case. For example, in the specification of 30 
U.S. Patent No. 4,891.618 relates to Westinghouse 
Electric Corporation Series C. R-frame circuit break- 
er, rated at 600 volts and 1600/2000 amperes. 

Since molded case circuit breakers and in partic- 
ular current limiting molded case circuit breakers are 35 
relatively compact, a problem exists to provide cur- 
rent limiting capabilities for a circuit breaker In rela- 
tively smaller frame sizes. More specifically, the com- 
ponents in a relatively larger frame size current limit- 
ing molded case circuit breaker cannot merely be 40 
downsized to provide a current limiting circuit breaker 
In a smaller frame size. 

An object of the present invention to solve the 
problems of the prior art. and to provide current lim- 
iting capabilities in circuit breakers with relatively 45 
smaller frame sizes. 

The present invention includes a molded case cir- 
^y!?. breaker comprising a molded housing, a pl urality 



of pairs of separable main contacts carried within said 
housing, each pair defining a movably mounted main so 
contact and means for cooperating with said movably 
mounted main contacts which forms a fixed main con- 
tact portion, a plurality of movably mounted contact 
arnns for carrying said movably mounted main con- 
tacts, rotatably mounted for movement defining a 55 
closed position, an open position, a frip position, and 
a blow open position, an operating mechanism, oper- 
ably coupled to said plurality of movably mounted 



contact arms, for confrolling movement of said plural- 
ity of movably mounted contact arms defining a 
closed position, an open position and a trip position, 
and a substantially flat line side conductor for carry- 
ing said fixed main contact portions defining a con- 
tact portion adjacent one end forming a line side ter- 
minal on an opposing end, said line conductor includ- 
ing means for reversing the direction of electrical flow 
in said cooperating means relative to the direction of 
electrical current flow from the line side terminal 
when the circuit breaker is in a closed position, in 
which said line side conductor is formed as a substan- 
tially flat rectangular member defining a longitudinal 
axis and transverse axis. 

Conveniently, a two-piece carrier assembly is 
provided for carrying the main and arcing contact 
arms which allows the main and arcing contacts to be 
blown open during short circuit conditions. The two- 
piece carrier assembly includes an inner carrier and 
an outer carrier pivotally connected together. The 
contact arms are carried by the Inner carrier. When 
sufficient magnetic repulsion forces are exerted on 
the contacts due to a short circuit condition* the inner 
carrier pivots relative to the outer carrier to allow the 
contact arms to blow open. In order to control the 
amount of force required for blow open, a compres- 
sion spring loaded cam assembly is provided. An- 
other Important aspect of the Invention relates to a 
contact spring housing which relocates the contact 
springs away from the separable contacts to protect 
the springs from danuige, for example, from heat due 
to contact separation. In order to improve the inter- 
ruption time of the circuit breaker for relatively large 
overcurrents, such as a short circuit, a reverse cur- 
rent loop is provided which generates sufficient mag- 
netic repulsion forces to blow open the separable 
contacts in a relatively short period of time. Within the 
restraints of the physical dimension of a relatively 
smaller breaker frame size, additional features have 
also been incorporated. More specifically, an im- 
proved rating plug assembly is provided with a one- 
piece plunger, relatively easier to manufacture than 
known designs which utilize two-piece plungers. An- 
other important aspect of the invention relates to an 
auxiliary cam plate for controlling the motk>n of the 
crossbar at the remote end in a four pole circuit break- 
er. The cam plate compensates for bending of the 
crossbar to improve the contact force In the remote 



pole. Lastly, a molded interphase barrier forms a gas 
barrier within the circuit breaker and maintains its 
position during assembly relatively better than known 
interphase barriers. 

The present invention will now be described, by 
way of example, with reference to the attached draw- 
ings, wherein: 

FIG. 1 is a perspective view of the molded case 

circuit breaker; 

FIG. 2 is a cross-sectional view along line 2-2 of 
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, FIG. 1 illustrating the circuit breaker in an ON 
position; 

FIG. 3 Is similar to FIG. 2 illustrating the circuit 
breaker in an OFF position; 

FIG. 4 is similar to FIG. 2 illustrating the circuit 5 
breaker in a TRIP position; 
FIG. 5 is an exploded perspective view of a mov- 
able contact arm assembly, a high Interrupting 
current assembly and an arcing contact spring 
housing; io 
FIG. 6 Is an elevational view of an upper toggle 
link; 

FIG. 7 is an elevational view of a trip link; 

FIG. 8 is a sectional view along line 8-8 of FIG. 5 

illustrating an insulator link; is 

FIG. 9 is an. end view along 9-9 of FIG. 5 of the 

insulator link illustrated in FIG. 8; 

FIG. 10 is similar to FIG. 2 illustrating the circuit 

breaker in a blown open position; 

FIG. 11 is a partial sectional view along line 11- 20 

11 of FIG. 10; 

FIG. 12 is a simplified partial sectional view sinrv 
ilar to FIG. 2 illustrating the handle yoke rollers 
with the circuit breaker shown in an ON position; 
FIG. 13 Is similar to FIG. 12 illustrating the circuit 25 
breaker in an OFF position; 
FIG. 14 is similar to FIG. 12 illustrating the rela- 
tionship between the roller pins and the handle 
yoke when the circuit breaker is in an ON posi- 
tbn; 30 
FIG. 15 is a partial sectional view along line IS- 
IS of FIG. 2; 

FIG. 16 is a perspective view of a handle yoke in 

accordance with the present invention; 

FIG. 17 is a sectional view similar to FIG. 2 illus- 35 

trating the clinch joint arcing contact assembly 

with the circuit breaker In an ON position; 

FIG. 18 Is a sectional view along line 18-18 of 

FIG. 17; 

FIG. 19 is similar to FIG. 17 Illustrating the sepa- 40 
ratton of the main contacts while the arcing con- 
tacts remain in an ON position; 
FIG. 20 Is an elevational view of a nnain contact 
arm; 

FIG. 21 is an elevational view of another main 45 
contact arm adapted to be pivotally connected to 
an arcing contact arm; 

FIG. 22 is an elevational view of an arcing contact 



phase barrier with an auxiliary contact switch 
partially removed; 

FIG. 28 is a partial perspective view of circuit 
breaker with an undervoltage release mecha- 
nism installed; 

FIG. 29 is an end sectional view along line 29-29 
of FIG. 1; 

FIG. 30 is a perspective view of a line conductor; 
FIG. 31 is an alternate embodiment of the tine 
conductor illustrated in FIG. 30; 
FIG. 32 is an alternate embodiment of the line 
conductor illustrated in FIG. 30; 
FIG. 33 is an alternate embodiment of the line 
conductor illustrated in FIG. 30; 
FIG. 34 is an exploded perspective view of a con- 
tact arm assembly; 

FIG. 35 is an elevational view of a nnain contact 
arm; 

FIG. 36 is an elevational view of an arcing contact 
arm; 

FIG. 37 Is a plan view of an inner carrier, 
FIG. 38 is a side elevational view of the inner car- 
rier iliustrated in FIG. 37; 

FIG. 39 is a front elevational view of the Inner car- 
rier illustrated in FIG. 37; 
FIG. 40 is a plan view of an outer carrier; 
FIG. 41 is an elevational view of the outer carrier 
illustrated in FIG. 40; 

FIG. 42 Is an elevational view of a portjon of the 
contact arm assembly illustrating a contact spring 
assembly; 

FIG. 43 is a perspective view of a housing which 

forms a portion of the contact spring assembly. 

FIG. 44 is a partial elevational view of a circuit 

breaker in a closed position; 

FIG. 45 is similar to FIG. 44 illustrating the circuit 

breaker in an open position; 

FIG. 46 is similar to FIG. 44 illustrating the circuit 

breaker in a blown open position; 

FIG. 47 is a perspective view of a cam spring 

housing; 

FIG. 48 Is an end elevational view of the cam 

spring housing illustrated in FIG. 47; 

FIG. 49 is a front elevational view of the cam 

spring housing illustrated in FIG. 47; 

FIG. 50 is an exploded perspective view of a cam 

roller assembly; 

FIG. 51 is an elevational view of a prior art inter- 



arm; 

FIG. 23 is similar to FIG. 2 illustrating a positive so 
off link; 

FIG. 24 is an elevational view of a weld bracket; 

-FIG.-2S-is-a-partial-pe^spective-view-o^a-circuit 

breaker illustrating a reversible phase barrier in a 
first position; ss 
FIG. 26 is similar to FIG. 25 illustrating the rever- 
sible phase barrier in a second position; 
FIG. 27 is a perspective view of a reversible 



phase gas barrier, 

FIG. 52 is an elevational view of an interphase 
gas barrier; 

FIG. 53 is a plan view of the interphase gas bar- 
— rier illustrated in RGr52. 



FIG. 54 is a plan view of an alternative emt)odi- 
ment of the interphase gas barrier illustrated in 
FIG. 52; 

FIG. 55 is a partial perspective view of the poles 
of a three pole circuit breaker illustrating the in- 
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stallation of the interphase gas barriers to the 
outside pole assemblies; 
FIG. 56 is a partial perspective view of a sidewatl 
within a circuit breaker illustrating the installation 
of a poie assembly including an interphase gas s 
barrier to a molded housing; 
FIG. 57 is an exploded perspective view of a prior 
art rating plug assembly; 
FIG. 58 is an exploded view of a rating plug as- 
sembly; 10 
FIG. 59 is bottom plan view of a housing for the 
rating plug assembly; 

FIG. 60 is a side elevational view of the housing 
illustrated in FIG. 59; 

FIG. 61 Is a bottom view of the rating plug assem- is 
biy in an operate position; 
FIG. 62 is similar to FIG. 61 but In a remove pos- 
ition; 

FIG. 63 is a plan view of a four pole circuit break- 
en 20 
FIG. 64 is a partial sectional view of a crossbar 
assembly and a cam plate; 
FIG. 65 Is an elevational view of a cam plate; 
FIG. 66 is a partial elevational view illustrating 
the path of the crossbar during a dosing stroke; 25 
FIG. 67 is similar to FIG. 66 illustrating the path 
of the crossbar during a tripping stroke; and 
FIG. 68 is an elevational view of a modified era- 
die. 

Moreover, for simplicity, only the center pole of a 30 
multiple pole molded case circuit breaker is described 
in detail and illustrated. 

Circuit breakers are provided in various sizes and 
assigned a frame size. The frame size refers to vari- 
ous characteristics of the circuit breaker, such as the as 
allowable voltage and current ratings as well as the 
interrupting capacity and the physical dimensions of 
the circuit breaker. 

The present invention is directed toward an inter- 
mediate breaker frame size, such as a 1200 ampere 40 
frame, for a circuit breaker having current limiting ca- 
pabilities. Such current limiting capabilities generally 
allow the circuit breaker to interrupt relatively large 
magnitudes of overcurrent, such as short circuit cur- 
rent, which may be 100,000 amperes or more. Such 45 
relatively large magnitudes of current are generally 
interrupted by way of magnetic repulsion forces, gen- 
era ted within the c ircuit breake r. Known mechanism, 
is disclosed in the specification of U.S. Patent No. 
4,891,618. Accordingly, one aspect of the molded so 
case circuit breaker enables current limiting capabil- 
ities to be incorporated into a relatively smaller frame 
size housing. - . ^ — _ 

Referring to FIG. 1 of the drawings, a molded 
case circuit breaker 20, comprises an insulated hous- 55 
ing 22, formed from a nrK)lded base 24 and a molded 
cover 26, assembled at a parting line 28. The circuit 
breaker 20 also includes at least one pair of separable 



main contacts 30 (FIGS. 2-4), provided within the in- 
sulated housing 22, which includes a fixed main con- 
tact 32 and a movably mounted main contact 34. The 
fixed main contact 32 is carried by a line side conduc- 
tor 36, rigidly secured relative to the molded base 24. 
The line side conductor 36, in turn, is electrically con- 
nected to a line side terminal 38 (FIG. 1) for connec- 
tion to an external electrical circuit (not shown). 

In order to decrease the wear on the separable 
main contacts 30, a plurality of arcing contacts 40 are 
provided (FIGS. 2-4). The arcing contacts 40 include 
one or more fixed arcing contacts 42 and one or more 
movably mounted arcing contacts 44. As will be dis- 
cussed in more detail below, the mechanical coupling 
between the movably mounted arcing contacts 44 
and the movably mounted main contacts 34 allows 
the arcing contacts 40 to close before the separable 
main contacts 30 when the circuit breaker 20 is 
placed in an ON position and allows the arcing con- 
tacts 40 to open after the main contacts 30 when the 
circuit breaker 20 is placed in an OFF position. 

The line side conductor 36 carries the fixed arc- 
ing contact 42. More specifically, a plate 46 is rIgkJIy 
secured to the line side conductor 36 on one end and 
spaced apart therefrom on the opposite end. The 
fixed arcing contact 42 is rigidly secured to another 
plate 48, for example, by welding or brazing forming 
a fixed arcing contact assembly 50. The fixed arcing 
contact assembly 50 Is, in turn, sandwiched between 
the ptate 46 and the line side conductor 36 and rigidly 
secured therebetween, for example, with fasteners 
(not shown) to facilitate replacement of the f bced arc- 
ing contact assembly 50. 

Disposed adjacent a fixed main contact 32 and 
the fixed arcing contact 42 is an arc chute assembly 
52. The arc chute assembly 52 facilitates extinguish- 
ment of arcs generated by separation of the main con- 
tacts 30 and the arcing contacts 40. As the arc is ex- 
tinguished in the arc chute assembly 52, a conductive 
gas is generated which is directed out dedicated vents 
(not shown) in the circuit breaker cover 26. The arc 
chute assembly 52 includes a plurality of spaced 
apart arc plates 54 carried by a pair of spaced apart 
sidewails 56. 

As will be discussed in more detail below, a mov- 
ably mounted main contact arm assembly 58 carries 
the movable contact 34. The movably mounted con- 
tact ar m ess e nribl y 58 is pivotallv mounted with re - 
spect to the molded base 24. More specifically, an L- 
shaped bracket 60 (FIG. 5) is provkJed which defines 
a pair of spaced apart depending legs 62 intercon- 
nected by a connecting leg 64. A generally L-shaped 
load conductor eeis drsposBd-on top of the ^jonnect- 
ing leg 64. The toad conductor 66 and the connecting 
leg 64 are, in turn, rigidly secured to the molded base 
24 with a plurality of fasteners (not shown). 

The depending legs 62 are provided with aligned 
apertures 68. As will be discussed in more detail be- 
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low, the movably mounted contact arm assembly 58 
is pivotally connected to the L-shaped bracket 60 by 
way of the apertures 68. The movably mounted con- 
tact arm assembly 58 is also electrically connected to 
the load conductor 66 by way of a plurality of flexible 
shunts 70 (FIG. 5), formed from, for example, braided 
copper conductor, for example, by welding or brazing. 

Disposed adjacent the load conductor 66 is an 
electronic trip unit 72 (FIGS. 2-4). The electronic trip 
unit 72 does not form a portion of the present inven- 
tion and Is described briefly only to provide a better 
understanding of the invention. Such electronic trip 
units are generally known in the art. For example, one 
known electronic trip unit is disclosed in U.S. Patent 
No. 3.783,423, hereby incorporated by reference. 

The electronic trip unit 72 includes a current 
transformers 74 for each phase for sensing load cur- 
rent The current transformers 74 are formed in a gen- 
erally donut shape with a plurality of secondary wind- 
ings 76 disposed about a load conductor 78. 

The load conductor 78 is formed in a generally L- 
shape and is rigidly secured on one end to the load 
conductor 66 as well as to the molded base 24 with 
a plurality of fasteners (not shown). The free end (not 
shown) of the load conductor 78 acts as a load termi- 
nal for connection to an external load, such as a mo- 
tor. 

When the main contacts 30 are in an ON position 
as shown In FIG. 2, the load current flows from the 
line side conductor 36 through the main contacts 30 
and the arcing contacts 40 to load side conductors 66 
and 78 to the electrical load. The load current through 
the load conductor 78 induces a current into the sec- 
ondary windings 76 of the current transformer 74. 
The current in the secondary windings 76 is, In turn, 
applied to an overcurrent trip circuitry (not shown) dis- 
posed within the electronic trip unit 72 for initiating a 
trip of the circuit breaker 20 for predetermined levels 
of overcurrent More specifically, the electronic trip 
unit 72 includes a trip bar 80 (FIGS. 2-4) having an in- 
tegrally formed extending trip lever 82. The trip lever 
82 Is mechanically coupled to a flux shunt trip assem- 
bly (not shown) which cooperates to rotate the trip bar 
80 in a clockwise direction (FIG. 2) during predeter- 
mined levels of overcurrent Upon rotation of the trip 
bar 80, a latch lever 84, integrally formed on the trip 
bar 80, releases a latch assembly 86 to allow the cir- 
cuit breaker 20 to trip. 



The latch assembly 86 includes a pivotally mount- 
ed lock plate 90, a latch plate 92, a latch lever 94 and 
a biasing spring 96. The lock plate 90 is pivotally 
mounted to a pair of spaced apart side plates 98, best 

5 shown in FIG. 25, used to carry the operating mech- 
anism 88. by way of a pin 100. The latch plate 92 is 
coupled to the lock plate 90 at one end. The other end 
of the lock plate 90 is mounted for arcuate movement 
within the side plates 98. The lock plate 90 Includes 

10 a pair of spaced apart notches 1 02 for latching a cra- 
dle 104 which forms a portion of the operating mech- 
anism 88 as will be discussed below in more detail. 
The biasing spring 96 biases the lock plate 90 and the 
latch plate 92 in a counterclockwise direction. 

15 The latch lever 94 is pivotally mounted to one of 

the side plates 98 by way of a pin 106. The latch lever 
94 is biased in a counterclockwise direction by a tor- 
sk>n spring (not shown). A stop pin 1 08 serves to limit 
rotation of the latch lever 94 as well as the lock plate 

20 90. 

The latch lever 94 Is Integrally formed with an up- 
per latch surface 110 and a lower latch surface 112. 
The lower latch surface 11 2 Is adapted to be received 
in a notch (not shown) in the lock plate 90 to maintain 

25 the lock plate 90 and latch plate 92 in a latched pos- 
ition as shown in FIGS. 2 and 3. The upper latch sur- 
face 110 is adapted to communicate with the latch 
lever 84 formed on the trip bar 80 which releases the 
cradle 104 upon detection of an overcurrent condition 

30 by the electronic trip unit 72 as shown in FIG. 4. After 
the latch assembly 86 is unlatched, the circuit breaker 
must be placed in the OFF position as shown in FIG. 

3 to reset It. 

An operating mechanism 88 Is provided for open- 
35 ing and closing the separable main contacts 30. The 
operating mechanism 88 includes a toggle assembly 
114 which includes a pair of upper toggle links ^116 
(FIGS. 2, 3. 4 and 6), a pair of trip links 118 (FIGS. 1, 
5 and 7) and an insulator link 120 (FIGS. 5, 8 and 9). 
40 In one embodiment of the invention, the upper toggle 
link 116 is formed as an irregular shaped member 
having an aperture 124 for receiving a crossbar 126 
(FIGS. 2-4 and 28), Each of the upper toggle links 116 
is also provided with a notch 128 which allows it to be 
45 mechanically coupled to the cradle 104 by way of a 
pin 130 (FIGS. 2-4). Operating springs 132 (FIGS. 2- 

4 and 29) are connected between the crossbar 126 
and a handle yoke 1 34 by way of spring retainers 1 36 



The latch assembly 86 latches the circuit breaker 
operating mechanism, generally identified with the 
reference numeral 88, during conditions when the cir- 
cuit breaker 20 is in an ON position as shown in FIG. 
2 and when the circuit breaker 20 is placed in an OFF 
position as shown in FIG. 3. However, during an over- 
current condition, the electronic trip unit 72, and more 
specifically, the trip bar 80 releases the latch assenv 
bty 86 to allow the circuit breaker 20 to trip as shown 
in FIG. 4. 



as will be discussed in more detail t>elow. 

so The cradle 104 may be formed from a pair of op- 

positely disposed, irregular-shaped members. One 
end of each of the cradle members 104 is pivotally 
connected to each of the side plates 98 by way of the 
pin 1 06. The cradle members 104, in cooperation with 

55 the latch assembly 86 allows the circuit breaker 20 to 
be tripped by way of the electronic trip unit 72. More 
specifically, when the cradle members 104 are in the 
position shown in FIG. 2, the separable main contacts 
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30 are under the control of an extending operating 
handle 140, rigidly secured to the handle yoke 130 to 
enable the circuit breaker 20 to be placed in an OFF 
position as shown in FIG. 3. Srnrtilarly, the operating 
handle 140 may also be used to place the circuit 5 
breaker 20 in an ON position. However, upon detec- 
tion of an overcurrent, the electronic trip unit 72 re- 
leases the latch assembly 86 which, in turn, releases 
the cradle 104 to allow the circuit breaker main con- 
tacts 30 to be tripped as shown in FIG. 4 under the in- io 
f luence of the operating springs 1 32. In order to reset 
the cradle 104, It Is necessary to rotate the operating 
handle 140 to the OFF position (FIG. 3) which, in turn, 
allows the cradle members 104 to be latched relative 
to the latch assembly 86. Once the cradle members is 
104 are latched, the operating handle 140 may be 
used to place the main contacts 30 in the ON position. 

An important aspect of the invention relates to a 
high interrupting current (HIC) assembly 142 (FIG. 
5). The HIC assembly 142 allows for Interruption of 20 
relatively large magnitude overcurrents, such as 
short circuit currents, for example, 100,000 amperes 
or more, as a result of magnetic repulsion forces gen- 
erated by the shunts 70. The HIC assembly 142 is 
adapted to uncouple the movably mounted contact 2S 
arm 58 from the operating mechanism 88 during such 
conditions. Moreover, the HIC assembly 142 in accor- 
dance with the present Invention offers distinct ad- 
vantages over known blow open mechanisms, for ex- 
ample, as shown and disclosed in U.S. Patent No. 30 
4,891,618, assigned to the same assignee as the 
present invention. More specifically, in that system, 
the pivotally mounted contact arm Is mechanically 
coupled to the operating mechanism by way of a cam 
roll pin assembly. When relatively large magnitude 35 
overcurrents, such as a short circuit current, the cam 
roll pin assembly allows the movably mounted contact 
arm to be uncoupled from the operating mechanism 
by way of relatively large magnetic repulsion forces 
generated in flexible shunts used to electrically con- 40 
nect the pivotally mounted contact arm to the load 
sMe conductor. 

There are several problems with a blow open as- 
sembly as described in the aforementioned U.S. pa- 
tent First such an assembly requires a substantial 45 
amount of space within the circuit breaker. For rela- 
tively large frame size circuit breakers, such as a 

1 600/20 00 ampere frame size circuit breaker, such an 

assembly is suitable. However, for relatively smaller 
frame size circuit breakers, such as a 1200 ampere so 
frame size breaker, such an assembly requires rela- 
tively more space than is available. Secondly, such 
an assembly can be difficult to calibrate to vary the 
magnitude of overcurrent at which the assembly 
blows open. More specifically, in the assembly dis- 55 
closed in above-mentioned U.S. patent, the electrical 
current at which the movable contact arm assembly 
is uncoupled from the operating mechanism is largely 



dependent upon the cam roll pin assembly. More spe- 
cifically, the cam roll pin assembly mechanically cou- 
ples the movable main contact arm to the operating 
assembly by way of a cam roll pin which is carried by 
a cam formed on the movable contact arm assemt)ly. 
A plurality of biasing springs are used to couple the 
cam roll pin to the cam surface on the movable con- 
tact arm assembly. In such a design, the blow open 
current is dependent upon the interrelationship of the 
cam design as well as the force of the biasing springs 
and thus is relatively difficult to adjust 

The HIC assembly 142 in accordance with the 
present invention solves such problems. More specif- 
ically, the HIC assembly 142 ^cilitates adjustment of 
the electrical current at which blow open occurs. 
Moreover, the HIC assembly 142 requires relatively 
less space within a circuit breaker housing to allow 
the blow open feature to be Incorporated into break- 
ers having relath/eiy smaller frame sizes, such as a 
1200 ampere frame size circuit breaker. 

The HIC assembly 142 Includes the Insulator link 
120 (FIGS. 5. 8 and 9) and a pair of trip links 118 
(FIGS. 5 and 7). During normal operating conditions 
and relatively low magnitude overcurrent conditions, 
the trip link 118 couples the movably mounted contact 
arm assembly 58 to the operating mechanism 88. 
More specifically, during such conditions, the trip link 
118 is coupled to the insulator link 120 and in conjunc- 
tion with the upper toggle link 116 forms the toggle 
assembly 114 to allow the circuit breaker to be selec- 
tively placed in the ON position as shown In FIG. 2 or 
alternatively in the OFF positk>n as shown in FIG. 3 
under the control of the operating springs 132 by ac- 
tuation of the operating handle 140. 

During relatively low magnitude overcurrent con- 
ditions, the trip link 118 remains coupled to the insu- 
lator link 120 to allow the circuit breaker 20 to be trip- 
ped by the electronic trip unit 72, as Blustrated in FIG. 
4. In this condition, the electronic trip unit 72 causes 
cradle 1 04 to be unlatched from the latch assembly 86 
to allow the movably mounted contact arm 58 to be 
rotated upwardly under the influence of the operating 
springs 132 as previously mentioned. 

During relatively large magnitude overcurrent 
conditions, such as a short circuit condition, the HIC 
assembly 142 uncouples the operating mechanism 
88 from the movable contact arm assembly 58 to al- 

l ow the separab le main contacts 30 to be blown open 

before the electronic trip unit 72 has time to react In 
this condition, magnetic repulsion forces generated in 
the shunts 70 uncouple the trip link 118 from the in- 
sulator link 120 to allow the movably mounted contact 
arm assembly 58 to be blown dpern<rfhrposil1orre^ 
shown in FIG. 10. 

The trip links 118, are best illustrated in FIGS. 5 
and 7. One trip link 118 is pivotally connected on each 
side of the movably mounted contact arm assembly 
58 as shown in FIG. 5. Each trip link 118 is formed 
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from an irregular shape with an extending finger por- 
tion 143 formed on one end. The extending finger 
portion 143 is adapted to engage the insulator lini< 
1 20 during conditions when the trip link 1 1 8 is coupled 
thereto. An aperture 144 disposed adjacent one end s 
to allow pivotal attachment of the trip link 118 to the 
movably mounted contact arm assembly 58 by way of 
a pin 146 (FIGS. 5 and 10). Another aperture 148, 
spaced apart from the aperture 144 allows the pivotal 
connection of the trip link 118 relative to the insulator io 
link 120 by way of another pin 150. 

A third aperture 152 is provided on the trip link 
118 for coupling the trip link 118 to the insulator link 
120. More specifically, the aperture 152 forms a de- 
tent for capturing a spring-loaded detent ball 154 is 
(FIG. 11} disposed on opposing ends of the insulator 
link 1 20 as will be discussed below. Spring-loaded de- 
tent balls 154 as well as the design of the aperture 
152, control the magnitude of electrical current at 
which blow open of the contacts occurs. More specif- 20 
ically, the detent ball diameter and/or the diameter of 
the aperture 152 may be varied to adjust the magni- 
tude of electrical current at which blow open occurs. 
Additionally, the spring force on the detent balls 154 
may also k>e varied. Also, the aperture 152 may be 25 
countersunk and chamfered. In such an embodiment, 
-.the chamfer angle may be varied in order to adjust the 
blow open current. 

The insulator link 120 is formed from an electri- 
cally insulated material including a cylindrical portion so 
158 and an irregular-shaped portion 158. The cylin- 
>drical-shaped portion 158 includes a centrally dis- 
posed bore 1 60 for receiving the crossbar 126. The ir- 
regutar-shaped portion 158 also includes a bore 162 
for receiving a biasing spring 1 64 and the detent balls 35 
154 as best shown in FIG. 11. More specifically, bias- 
ing spring 164 is disposed in the bore 162. Detent 
balls 154 are then disposed on opposite ends of the 
bore 162. The biasing spring 164 biases the detent 
bails 1 54 outwardly to apply an outward force against 40 
the trip link 120. 

The irregular-shaped portion 158 also includes a 
bore 166 that is adapted to be aligned with the bores 
148 in the trip links 118. The pin 150 is then inserted 
In the aligned bores 148 and 1 66 to provide a pivotal 45 
connection between the insulator link 120 and the trip 
links 118. 

During a relatively large overcurrent condition, 



sembly 58 forces the detent balls 154 inward against 
the pressure of the biasing spring 164 to allow the trip 
links 118 to rotate relative to the insulator link 120 to 
the position as shown in FIG. 10 to allow the movably 
mounted contact arm 58 to blow open. 

In order to conserve space within the circuit 
breaker housing 22, the handle yoke 1 34 Is supported 
with a plurality of rollers 1 70 (FIGS. 12-16) relative to 
the side plates 98. By supporting the handle yoke 134 
with rollers 1 70 on the side plates 98, the virtual pivot 
axis for the handle yoke 134 can be maintained while 
at the same time allowing the same space to be used 
for the crossbar 126. More specif ically. in known cir- 
cuit breakers, such as disclosed in U.S. Patent No. 
4,891,618, the handle yoke is formed as a generally 
U-shaped member defining a pair of depending legs 
which are rounded on the free ends. These rounded 
free ends are disposed in notches formed in the side 
plates to allow rotation of the handle yoke. Because 
of the size of the handle yoke and the degree of ro- 
tation between an ON position and an OFF positkin, 
a substantial amount of space within a circuit breaker 
is required. Consequently, no other components can 
be located within such space since they would inter- 
fere with the movement of the handle yoke. Accord- 
ingly, in such a circuit breaker, the crossbar assem- 
bly, mechanically interlocked to the movably mount- 
ed contact arm, must be spaced away from the space 
occupied by the handle yoke. For circuit breakers with 
relatively large frame sizes, such as a 1600/2000 am- 
pere frame size, such space within the base is nor- 
mally available. However, with relatively smaller 
frame size circuit breakers, such as a 1200 ampere 
frame size, space within the breaker housing Is at a 
premium. The present Invention is adapted to be used 
in such relatively smaller frame size circuit breakers, 
such as a 1200 ampere frame size. In order to con- 
serve space, the handle yoke 134 is supported by 
rollers 170 relative to the side plates 98 to essentially 
maintain the same virtual pivot axis for the handle 
yoke 134 necessary to accomplish the circuit breaker 
operattons. At the same time, the crossbar 126 can 
be located within the space normally occupied by the 
handle yoke pivot axis to conserve space within the 
housing. 

Referring to the drawings and in particular FIGS. 
12-15, the side plates 98, which normally carry the 
circuit breaker operating mechanism 88, are formed 



such as a short circuit condition, magnetic repulsion 
forces are created between the shunts 72. These so 
magnetic repulsion forces exert a clockwise moment 
on the movably mounted contact arm assembly 58 

— before the eiectronic trip-unit-72-has time to-react.-tn— 

such a situation, the crossbar 126 will be stationary, 
thus causing the trip links 118 to pivot relative to the 55 
Insulator link 120. More specifically, since the cross- 
bar 126 is stationary in this condition, the clockwise 
moment on the movably mounted contact arm as- 



with curved surfaces 172. The radius R of such 
curved surfeces 1 72 is such to allow the circuit break- 
er 20 to accomplish all of Its normal mechanical op- 
erations. More specifically, as shown in FIG. 12, the 
radius R of the curved surfaces-172 defines a virtual " 
pivot axis 174. As shown in FIGS. 12 and 13, the vir- 
tual pivot axis 174 is located in a window 176 in the 
side plates 98 where the crossbar 1 26 is located In or- 
der to conserve space within the housing 22. 

The handle yoke 134, best illustrated in FIG. 16, 
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is formed from a piece of flat steel stock, stamped and 
formed Into the shape illustrated. The handle yoke 
134 Is formed in a generally U-shape defining a bight 
portion 176 and two generally depending arm por- 
tions 178. Slots 180 are provided between the bight s 
portion 176 and the depending arm portions 178 to 
allow free travel of the cradle 104 and the upper tog- 
gle links 116. The bight portion 176 is also formed 
with a plurality of slots 182 for receiving spring retain- 
ers 136 (FIGS. 2-4) for the operating springs 132. io 
More specifically, the spring retainers 136 are formed 
with extending arm portions 186 with apertures 188, 
formed intermediate the end. The spring retainers 
1 36 are inserted into the slots 1 82 such that the aper- 
tures 1 88 in the spring retainers 1 36 extend upwardly is 
from the bight portion 176 of the handle yoke 134. A 
pin 190 is inserted through the apertures 188 to cou- 
ple the handle yoke 134 to one end of the operating 
springs 132. The other end of the operating springs 
1 32 are coupled to the crossbar 1 26. 20 

The depending arm portions 178 of the handle 
yoke 134 are disposed adjacent the curved surfaces 
1 72 on the side plates 98 as best shown in FIGS. 12- 
16. A pair of notches 192 are provided In each of the 
depending arm portions 178. The length of the notch- 25 
es 1 92 are sized such that when the handle yoke 134 
is at the midpoint of travel between oppositely dis- 
posed stop surfaces 1 93 formed in the side plates 98, 
the length of each notch 192 Is one half of the dis- 
tance to the stop surface 193. These notches 192 al- $0 
low for b-avel of the rollers 170 relative to the handle 
yoke 134. The notches 192 also define projections 
194, 196 and 198. More specifically, projections 194 
and 198 are defined on each end of the depending 
arm portions 178 of the handle yoke 134. A projection 3s 
1 96 is defined intermediate the two notches 192, The 
projections 194, 196 and 198 facilitate orientatfon of 
the rollers 170 relative to the handle yoke 134 in the 
event of slippage. More specifically, as shown In FIG. 
1 3, when the circuit breaker 20 is in an OFF position, 40 
the rollers 170 are disposed adjacent the left projec- 
tion 194 and the center projection 198. When the cir- 
cuit breaker operating handle 140 is moved toward 
the ON position as shown in FIG. 5. the rollers 170 are 
rotated in a counterclockwise direction until the op- 4S 
posing side of the center projection 196 and the right 
projection 198 engage the handle rollers 170. Thus, 

Jn^the eve nt of slippage of the handle rollers 1 70 rel- 

atlve to the handle yoke 1 34, the notches 1 92 and the 
curved surfaces 172 on the depending arm portions so 
178 of the handle yoke 134, serve to properly orien- 
tate the position of the rollers 1 70 relative to the han- 
dle yoke 134. _ _ 

The end projections 194 and 198 also reduce tilt- 
ing of the handle yoke 1 34 relative to the curved sur- 55 
faces 172 on the side plates 98 in the event that an 
excessive amount of force is applied to the circuit 
breaker operating handle 140. in such a situation, the 



end projections 194 and 198 form pivot axes for any 
tilting action of the handle yoke 134 relative to the 
curved surface 172 on the side plate 98. By disposing 
the pivot axis during such a condition on the ends of 
the depending arm portions 178, any excessive force 
applied to the operating handle In either an ON pos- 
ition or an OFF position will be opposed by the force 
of the operating springs 132 used to couple the han- 
dle yoke 1 34 to the side plates 98 thus minimizing tilt- 
ing of the handle yoke 194. 

As shown best in FIG. 15, each roller 170 is 
formed with a pin 192 with rigidly mounted disks 194 
mounted on each end. The space between the in- 
wardly facing feces of the disks 194 is sized to be 
slightly greater than the width of the side plate 98. 
The spaced apart disks 1 94 capture the side plate 98 
and provide axial stability of the handle yoke 134 rel- 
ative to the side plate 98. 

A housing 200 is provided for the biasing springs 
for the arcing contact which shield the biasing springs 
from conductive gases generated during interruption. 
More specifically, the contact pressure fbrthe ardi^ 
contacts is provided by disposing a spring between 
the top surface of the arcing contact arm and the twt- 
tom surface of the contact arm carrier. In such a de- 
sign, the arcing contact springs are subject to conduc- 
tive gases which can deteriorate the springs causing 
a maloperation of the arcing contacts which, in turn, 
can result in damage to the arcing contacts as well as 
the main contacts. 

The spring housing 200 (FIGS. 2-5) is formed 
from a piece of flat stock and formed in a generally 
box-shape with one open side and open on the top. 
One face 201 of the spring housing 200 is provided 
with a parr of spaced apart apertures 202, used for lo- 
cating the spring housing 200 as well as biasing 
springs 203. More specifically, as shown best in FIG. 
5, arcing contact arms 204 are provided with locating 
tabs 206. These locating tabs 206 are received In the 
apertures 202 in the spring housing 200 which fonc- 
tion to locate the spring housing 200 relative to the 
arcing contact arm 204 and also to prevent longitudi- 
nal as well as transverse movement of the spring 
housing 200 relative to the arcing contact arm 204 af- 
ter assembly. 

The spring housing 200 is captured between the 
arcing contact arm 204 and a carrier 208. As shown 
In FIG. 5. the carrier 208 is fo rme d in an L-sha pe at 
the free end. Tabs 210 are formed on the underside 
of the carrier surface adjacent the free end. One end 
of the biasing spring 203 is received over tab 210. The 
other end of the biasing spring 203 is disposed about 
the locatin-g rab-206; formed on tlTe arcing contact 
arm 204. The tabs 206 and 210 serve as spring re- 
tainers. 

A clinch joint arcer assembly 211 is illustrated in 
FIGS. 17-19. The clinch joint arcer assembly offers 
several advantages over known movable arcing con- 
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tacts. More specifically, such movable arcing con- 
tacts, are carried by separate arcing contact arms. 
The arcing contact arms are combined with a plurality 
of main contact arms to form a laminated contact arm 
assembly. The arcing contact arms as well as the 5 
main contact arms are pivotally mounted about a sin- 
gle pivot axis. By utilizing separate contact arms for 
the arcing contacts and the main contacts, the con- 
tact arm assembly occupies a relatively large amount 
of space within a circuit breaker housing. White such io 
an assembly as disclosed in the aforementioned pa- 
tent may be suitable for relatively larger frame size cir- 
cuit breakers, it is not suitable in some cases for rel- 
atively smafler frame size circuit breakers, such as a 
1200 ampere frame size breaker. ts 

Arcing contacts are adapted to reduce wear on 
the circuit breaker main contacts as well as to reduce 
temperature rise within the circuit breaker housing 
during a circuit interruption. This is generally accom- 
plished by forcing the main contacts to be opened be- 20 
fore the arcing contacts In order to transfer the elec- 
trical current to the arcing contacts. In known circuit 
breakers, such as the circuit breaker disclosed in the 
aforementioned patent, the arcing contacts are gen- 
erally placed at a relatively longer pivot radius than 25, 
the main contacts. Since the contact arm assembly is 
nornr^lly in a slight overtravel position to create con- 
tact pressure between the main contacts and the arc- 
ing contacts, rotation of the contact arm assembly will 
generally cause the main contacts to be separated 30 
prior to the arcing contact since the arcuate travel of 
the main and arcing contacts will be different due to 
the difference in pivot radii for a given degree of rota- 
tion of the contact arms. 

The clinch joint arcer assembly 211 provides 36 
greater control of transfer of the electric current to the 
arcing contacts by placing the arcing contacts on a 
different pivot axis than the main contacts, which in 
conjunction with biasing springs, ensures that the 
main contacts are fully separated prior to separation 40 
of the arcing contacts. By providing more efficient 
transfer of the electric current from the main contacts 
to the arcing contacts, the wear on the main contacts 
is minimized. 

Another advantage of the clinch joint arcer as- 45 
sembty 211 is that the contact arm assembly, which 
may include a pair of arcing contacts, and a plurality, 
for example, six main contacts, requires less space in 



housing making it particularly suitable for circuit 
breakers with relatively small frame sizes, such as a 
1200 ampere frame size. 

As shown in FIGS. 5 and 17-19, the contact arm 
assembly 58 is formed from a plurality of main contact 
arms 212 and 214 and a pair of arcing contact arms 
216. As will be discussed in more detail below, the 
main contact arms 214 are adapted to be pivotally 
connected to the arcing contact arms 216 by way of 
a clinch joint assembly 211 . As best illustrated in FIG. 
1 8. two main contact arms 214 are disposed on each 
side of the main contact arms 21 2 to form a laminated 
contact arm assembly 58. 

Each of the main contact arms 212 (FIG. 20) and 
2 1 4 (FIG. 21 ) are provided wit h apertures 21 6 to allow 
the main contact arnrts 212 and 214 to be pivotally 
connected by way of aligned apertures 218 (FIG. 5), 
provided in the carrier 208 by way of a pin 220. 

As best illustrated in FIG. 5, the carrier 208 is an 
irregular-shaped member formed with two additional 
pairs of aligned apertures 220 and 222. The aligned 
apertures 220 allow the carrier 218 to be pivotally 
connected to the trip link 118 by way of the pin 146. 
The aligned apertures 222 allow the carrier 218 to be 
pivotally connected to the bracket 60 by way of a pin 
223 (FIGS. 2-4). 

The main contact arms 214 (FIG. 21 ) are formed 
to be relatively longer than the main contact arms 212 
defining an extending portion 228 (FIG. 20). An aper- 
ture 230 is provided in the extending portion 228. This 
aperture 230 allows the arcing contact arms 216 to be 
pivotally connected thereto. More specifically, each 
of the arcing contact arms 216 (FIG. 22) is adapted 
to be disposed adjacent the extending portions 228 
of the main contact arms 214. The arcing contact 
arms 216 are formed with an aperture 232 on one 
end. The aperture 232 is adapted to be aligned with 
the apertures 230 in the extending portions 228 of 
the main contact arms 21 2. A clinch joint 211 assem- 
bly (FIG. 18) which Includes a pin 234 and a plurality 
of spring washers 236 is used to connect the arcing 
contact arms 216 to the extending portions 228 on 
the main contact arms 214. By providing a clinch joint 
211 , the friction between the arcing contact arms 216 
relative to the main contact arms 214 can readily be 
adjusted. 

As best shown in FIG. 17, the circuit breaker 20 
is illustrated in an ON position. In this position, both 



a circuit breaker housing than known contact arm as- 
semblies, for example, as disclosed in the specified- so 
tion of U.S. Patent No. 4,891,638. More specif tcally, 
the arcing contacts in accordance with the present in- 
vention are carried by arcing contact arms that are ~ 
pivotally connected to contact arms that carry mov- 
able main contacts. By pivotally connecting the arcing 55 
contact arms to the main contact arms, the contact 
arm assembly in accordance with the present inven- 
tion utilizes less space within the circuit breaker 



the main contacts 30 and the arcing contacts 40 are 
closed. During a trip or blow open condition, the clinch 
joint 211 allows the main contacts 30 to rather readily 
be separated prior to the arcing contacts 40. More 
■ specificallyrFIG.- 19 illustrates the~position of the 
main contacts 30 as welt as the arcing contacts 40 im- 
mediately after the initiation of a trip or blow open 
condition. In this condition, the contact arm assembly 
58 begins to rotate in a clockwise direction as a result 
of the magnetic repulsion forces generated t)etween 
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depending legs of the flexible shunts 70, used to con- 
nect the movably mounted contact arm assembly 58 
to the load side conductor 38. As the contact arm as- 
sembly 58 begins to rotate in a clockwise direction, 
the main contact arms 212 and 214 pivot in a clock- s 
wise direction as shown to separate the main con- 
tacts 30. Clockwise rotation of the main contact arms 
212 and 214 causes the dinch joint pivot axis, defined 
by the pin 236, to move slightly upwardly under the 
influence of the biasing springs 203 disposed be- io 
tween the arcing contact arms 216 and the carrier 58, 
which, in turn, causes the arcing contact arm 216 to 
pivot in a counterclockwise direction. Accordingly, by 
placing the arcing contact arms 216 on a different piv- 
ot axis than the main contact arms 212 and 214. thus is 
creating a two bar linkage, and taking advantage of 
the spring pressure of the biasing springs 203, the as- 
sembly rather efficiently transfers the electric current 
from the main contact arms 212 and 214 to the arcing 
contact arnns 216 during an interruption. Moreover. 20 
by phrotally mounting the arcing contact arms 21 6 rel- 
ative to the main contact arms 214. the assembly util- 
izes relatively less space within the circuit breaker 
housing 22 making It more suitable for circuit breakers 
having a relatively smaller frame size. 25 

Positive off links are generally used to prevent 
the circuit breaker operating handle from being 
placed In an OFF position during a condition when the 
main contacts weld together, for example, during in- 
terruption of an excessive short circuit current Dur- 30 
ing such a condition, in order that the operating han- 
dle reflect the proper status of the circuit breaker con- 
tacts, it is necessary to provide a mechanism to pre- 
vent the circuit breaker operating handle from being 
placed in an OFF position when the main contacts are 3S 
in fact welded. Various mechanisms are known for 
preventing the circuit breaker operating handle from 
being placed in an OFF position when the main con- 
tacts are welded. However, that mechanism only pre- 
vents the circuit breaker operating handle from being 40 
placed in an OFF position and does not return the cir- 
cuit breaker operating handle to the ON position af- 
terward. Moreover, such a mechanism only prevents 
movement of the circuit breaker operating handle and 
cannot attempt to break the weld of the main con- 45 
tacts. 

The positive off mechanism in accordance with 

the present inve ntion solves such problems. First , the 

positive off mechanism in accordance with the pres- 
ent invention allows an operator to attempt to break so 
the weld of the main contacts by applying a sufficient 
amount of force to the circuit breaker operating han- 
dle. In the event that the force applied to the operat- 
ing handle is insufficient, the positive off mechanism 
in accordance with the present invention returns the 55 
operating handle to the ON position. 

Referring to the drawings and in particular FIGS. 
23 and 24, the positive off mechanism includes a 
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weld bracket 240 and an upper toggle link 242. The 
weld bracket 240 is formed as a generally U-shaped 
member and is adapted to be rigidly connected to the 
handle yoke 134 with suitable fasteners 244. The 
modified upper toggle link 242 is similar to known tog- 
gle links except it is provided with a generally V-shap- 
ed notch 246 as shown in FIG. 19. 

During normal conditions, the modified positive 
off link 242 does not interfere with the operation of 
the circuit breaker 20. More specifically, when the cir- 
cuit breaker 20 is switched from an OFF position to an 
ON position, the upper link 242 generally lags behind 
the handle yoke 134. Moreover, when the circuit 
breaker 20 is moved from an ON position to an OFF 
position, the upper link 242 will travel in front of the 
handle yoke 1 34. However, during a contact weld pos- 
ition, the positive off link 242 can be used to attempt 
to break the weld and if unsuccessful, will return the 
operating handle 140 to the ON position. More spe- 
cifically, during a contact weld position, free ends 248 
of the weld bracket 240 will engage a stop face 250 
formed on the positive off link 242 defined by the V- 
shaped notoh 246 in the positive off link 242. The stop 
face 250 on the positive off link 242 is positioned to 
stop the handle yoke 134 before the operating mech- 
anism 68 goes past the overcenter position, which 
prevents toggling of the toggle assembly 114. 

By applying a sufficient amount offeree to the op- 
erating handle 140, the free ends 248 of the weld 
bracket 240 will, in turn, apply force to the positive off 
link 242 to attempt to break the weld. If the weld can- 
not be broken, the operating handle 140 w3l be re- 
turned to the ON position under the influence of the 
operating springs 132 since the toggle assembly 114 
is prevented from moving past the overcenter posi- 
tion. 

Another important aspect of the present inven- 
tion relates to a reversible barrier 252 (FIG. 27). As 
mentioned earlier, the circuit breaker housing in- 
cludes a molded base 24 and a coextensh/e cover 26. 
The molded base 24 is formed with one or more inte- 
grally formed sidewalls 254. These sidewalls 254 
generally act as interphase gas barriers to prevent 
conductive gases generated during a circuit interrup- 
tion from causing either phase to phase or phase to 
ground faults within the circuit breaker housing 22. 
The sidewalls 252 are generally formed as solid mem- 
bers to allow tJjMrttoLbe used as interphase gas bar- 
riers. 

For three phase circuit breakers as shown in FIG. 
28, two sidewalls 254 are provided within the base 24. 
These sidewalls 254 along with the exterior end walls 
256 of the housthg 22 define three phase compart- 
ments 257, 258 and 260 (FIG. 25). The operating 
mechanism 88 is disposed in the center phase conn- 
partment 258. Due to the space limitations within the 
center phase compartment 258 after the operating 
mechanism 88 is installed, it is necessary to locate 
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various circuit breaker auxiliaries 262, such as an un- 
dervottage release mechanism 263, an auxiliary con- 
tact assembly 265, and the like, in the outer phase 
compartments 257 and 260. One known auxiliary, an 
auxiliary switch, is disclosed In U.S. Patent No. 5 
4,928,079, assigned to the same assignee as the 
present invention and hereby incorporated by refer- 
ence. 

Since certain auxiliaries 262, such as an under- 
voltage release mechanism 263 need to be inter- io 
locked, for example, with components in the center 
phase compartment 258; for example, the circuit 
breaker operating handle 140 or the operating mech- 
anism 88, it is necessary to provide an opening in one 
side of the sidewalls 254. However, since such auxil- 15 
laries 262 are not provided on all circuit breakers 20, 
separate molded bases have heretofore t>een provid- 
ed. iVIore specifically, for circuit breakers 20 provided 
without auxiliaries 262, a separate molded base has 
heretofore been provided with solid sidewalls. For 20 
those applications where circuit breaker auxiliaries, 
such as an undervoltage release mechanism, are to 
be provided, a different molded base with an opening 
in one of the sidewalls has been provided to allow 
communication between the auxiliary located in the 25 
outer phase compartment and the center compart- 
ment 258. The use of separate base units for circuit 
breakers depending on whether or not auxiliaries are 
to be provided with the circuit breaker results in in- 
creased cost of the circuit breaker. The reversible 30 
phase barrier 252 in accordance with the present in- 
vention solves this problem and allows a single mold- 
ed base with an opening 264 in one of the sidewalls 
252 to be manufactured. The reversible phase barrier 
252 is adapted to be disposed in the opening 264 to 35 
enable the molded base to be used for both applica- 
tions. 

More specifically, referring to the drawings and in 
particular FIGS. 25-28, a modrf led base unit 267 is il- 
lustrated which includes a sidewall 254 formed with 40 
the opening 264 defined between the electronic trip 
unit 72 and the cross bar 126 as shown in FIGS. 25 
and 26- Disposed below and adjacent the opening 
264 on opposing sides are track members 266. The 
track members 266 allow the reversible phase barrier 45 
252 in accordance with the present invention to be 
rather easily inserted and removed. 

The reversible phase barrier 252 is illustrated in 



ies 262 as shown in FIG. 25 or with auxiliaries, such 
as auxiliary contacts 265 shown in FIG. 26, which can 
be interlocked with the trip link 120 located in an outer 
phase compartment 257 or 260, the end 268 of the 
reversible phase barrier 252 is disposed between the 
track members 266. In this posttk>n, the opening 264 
formed in the sidewall 252 will be blocked forming an 
Interphase gas barrier. 

Such auxiliary contacts 263 are generally provid- 
ed with a bracket 274, adapted to be received be- 
tween spaced apart track members 276, integrally 
formed on the electronic trip unit 72. Once mounted, 
with an actuator arm 278, formed as part of the aux- 
iliary contact mechanism 263, will be disposed adja- 
cent the trip link 120 located in an outer phase com- 
partment 257 or 260 to allow interlocking therebetw- 
een. 

For auxQiaries 262, such as undervoltage release 
mechanisms 263. as illustrated in FIG. 28, the rever- 
sible phase barrier 252 may be reversed such that 
the solid end 272 is disposed between the track menrv 
bers 266 formed in the side wall 252. In this position, 
the slot end 268 of the barrier 252 will be disposed up- 
wardly such that the slot 270 is aligned with the open- 
ing 264 to allow communication between the center 
phase compartment 258 and the outer phase com- 
partment 257. As shown in FIG. 28, this allows the 
undervoltage release mechanism 263, normally in- ^ 
stalled on the load side of an outer phase compart- v 
ment 257 or 260 to communicate with the center com- 
partment 258. More specifically, the undervoltage re- 
lease mechanism 263 includes a generally L-shaped 
actuation arm 280 (FIG. 28) that is normally inter- 
locked with the circuit breaker operating handle 140. 
By disposing the reversible barrier 252 such that the 
slot 270 is aligned with the opening 264, an extending 
portion 282 of the actuator arm 280 is received in the 
slot 270 to allow communication with the operating 
handle 140. 

Various other circuit breaker auxiliaries 262 are 
known in the art such as shunt trips and bell alarm 
contacts. It will be appreciated by those of ordinary 
skill in the art that the principles of the present inven- 
tion are adapted to be utilized with all of such auxil- 
iaries. The interlocking between those auxiliaries and 
the circuit breaker is well within the ordinary skill in 
the art and thus does not form a part of the present 
invention. 



FIG. 27. The reversible phase barrier 252 may be 
formed in a generally rectangular-shape from an elec- so 
trically insulating material. One end 268 of the rever- 
sible phase barrier 252 is provided with a slot 270. 
The other end 272 of the reversible phase barrier 252 
is solid. The width of the reversible phase barrier 252 
is provided to allow quick and easy insertion and re- 55 
moval of the phase member relative to the track menv 
bers 266. 

For circuit breakers 20 provided without auxillar- 



As shown in FIGS. 30-33, alternate line conduc- 
tors 300, 302, 304 and 306 are provided to create re- 
verse current loops between the line conductors 300, 
302, 304 and 306 and the main and/or arcing contact 
- arms 212 and 204~(FIG.-5); respectively; to generate 
sufficient magnetic repulsion forces during relatively 
high overcurrent conditions, such as a short current 
condition, to blow open the movably mounted main 
contacts 34 and/or the movably mounted arcing con- 
tacts 44 relath/ely quicker than known electronic or 
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thermomagnetic tripping mechanisms. More specifi- 
cally, known electronic and thermomagnetic tripping 
mechanisms take at least one cyde to trip a circuit 
breaker. The reverse current loops created by the line 
conductors 300. 302, 304 and 306 in accordance with 5 
the present invention are able to trip a circuit breaker 
in less than one cycle. 

Reverse current loops have heretofore not been 
known to be used for relatively larger circuit breakers 
(i.e., circuit breakers having a rating of greater than io 
600 amperes) due to manufacturing and design con- 
straints. More specifically, known means for forming 
reverse current loops, involves cutting a generally U- 
shaped slot in the line conductor to form a pair of 
spaced apart depending leg portions and a center is 
peninsula portion. A single fixed main contact Is car- 
ried by the peninsula portion. In such a design, elec- 
trical current from the line side terminal flows in a first 
direction along the depending leg portions. The elec- 
trical current in the depending leg portion flows into 20 
the peninsula portion in a reverse direction and, in 
turn. Into the fixed main contact. While the circuit 
breaker Is in a closed position, the electrical current 
in the peninsula portion flows in a direction opposite 
to the direction of electrical current flow in the mov- 25 
ably mounted main contact arm. During relatively 
high level overcurrent conditions, such as a short cir- 
cuit condition, magnetic repulsion forces are generat- 
ed due to the electrical current flowing in opposite di- 
rections between the movably mounted main contact 30 
arm and the line conductor to cause the movably 
mounted contact arm to blow open. While such a con- 
figuration as described in the aforementioned patent 
may be suitable for certain types of circuit breakers, 
for example, circuit breakers having a single pair of 35 
separable contacts per pole, it is not suitable for circuit 
breakers having multiple pairs of separable main con- 
tacts per pole, such as the circuit breaker 20, which 
may have six or more pairs of separable main con- 
tacts per pole. 40 

More specifically, there is insufficient space 
within relatively compact circuit breakers for such U- 
shaped line conductors. Moreover, for circuit breakers 
having relatively high ratings, for example. 1200 am- 
peres, the line conductor is normally formed fioom a 45 
copper conductor generally about 5/8 inches t hick. As 
such, such line conductors cannot be formed into a U- 
_shape without damage. 

The line side conductors 300, 302, 304 and 306 
in accordance with the present invention, adapted to so 
be used in lieu of the line side conductor 36 described 
above, solve this problem by providing configurations 
of the line side conductor that are suitable for relative- 
ly compact current limiting circuit breakers while at 
the same time providing a configuration suitable for 55 
multiple pairs of separable contacts per pole. Various 
embodiments of the line conductors In accordance 
with the present Invention for creating reverse cur- 



rent loops are illustrated in FIGS. 30-33. FIGS. 30 and 

31 represent configurations in which reverse current 
loops are formed in both the main contact arms 212 
as well as the arcing contact arms 204 (FIG. 5). FIG. 

32 illustrates a configuration wherein a reverse cur- 
rent loop is created relative to the arcing contact arnns 
204 but not the main contact arnrrs 212. FIG. 33 Illus- 
trates a configuration wherein a reverse current loop 
is created relative to the main contact arms 212 but 
not relative to the arcing contact arms 204. Each of 
the configurations Illustrated in FIGS. 30-33 allows 
the Interruption time of the circuit breaker during rel- 
atively high overcurrent conditions, such as short cir- 
cuit condition, to be improved relative to known elec- 
tromechanical and electronic tripping devices. 

Referring to FIGS. 30 and 31, reverse current 
loops are created relative to both the main contact 
arms 212 as well as the arcing contact arms 204 (FIG. 
5). With such a configuration, the magnetic repulsion 
forces generated during a relatively high level over- 
current condition, such as a short circuit condition, 
will add to the magnetic repulsion forces generated 
due to the reverse current loop generated In the flex- 
ible shunts 70 (FIGS. 2-4) as described above. 

Referring to FIG. 30. a line side conductor 300 In 
accordance with the present invention is formed from 
a generally rectangular conductor material, such as 
copper. One end 308 of the line side conductor 300 
is formed as a line side terminal 38, similar to the line 
conductor 36 discussed above. The opposite end 310 
(hereinafter "contact end") of the line side conductor 
300, is adapted to carry an elongated stationary 
mounted main contact 312 suitable for circuit break- 
ers having multiple pairs of separable main contacts 
34, as well as an elongated stationary mounted arcing 
contact 314, suitable for circuit breakers having one 
or more pairs of separable arcing contacts 44. The 
elongated main contact 312 is adapted to be rigidly af- 
fixed to the line side conductor 300 by welding, braz- 
ing or the like. The elongated arcing contact 314 is rig- 
Idly attached to an elongated plate 316, for example, 
by brazing, which. In turn, is rigidly attached to the line 
side conductor 300 on one end by brazing, welding or 
the like. The other end of the elongated plate 36 is rig- 
idly secured to another plate 31 8, which, in turn, is rig- 
idly secured to the line side conductor 300 by way of 
fasteners (not shown) and/or by brazing and the like. 

A substantiall y L-shape d cut out 320 is forme d in 
the contact end 310 of the conductor 300 defining a 
relatively longer leg portion 321 and a shorter leg por- 
tion 323, disposed adjacent the main contact 312 and 
the arcing contact 314 such that the long leg portion 
Is generally parallel t0a lorigitudmaraxTs 325 and the 
short leg portion 323 is generally transverse to saki 
longitudinal axis 325. The line side conductor 300 
with the L-shaped cut out 320 may be formed in va- 
rious ways, all of which are considered to be within 
the scope of the present inventton. For example, the 
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line side conductor 300 with the L-shaped cut out 320 
may be formed by casting or by forming the line side 
conductor in multiple sections and rigidly securing 
such sections together, for example, by brazing. 

The L-shaped cut out 320 is adapted to reverse 5 
thedirection of electrical currentflow through the line 
side conductor 300 in order to create a reverse cur- 
rent loop relative to the movably mounted main con- 
tact arms 212 as well as the movably mounted arcing 
contact arms 204 (FIG. 5), More specifically, referring io 
to FIG. 30, the generally L-shaped cut out 320 defines 
two spaced apart conductor portions 322 and 324 at 
the contact end 310 disposed one above the other. 
When the circuit breaker is in a closed position as il- 
lustrated in FIG. 2, the direction of electrical current is 
flow from the line side terminal 38 Is indicated by the 
arrows 326. The direction of eleqtrical currentflow in 
the bottom conductor portion 322 is thus in the same 
direction as the electrical current from the line termi- 
nal 38, as indicated by the arrow 328. The direction 20 
of electrical current in the upper conductor portion 
324; however, Is in a reverse direction as indicated by 
the arrow 330. The electrical current from the upper 
conductor portion 324 flows Into the elongated main 
contact 312 as well as the elongated arcing contact 25 
314 and, in turn, into the movably nnounted main con- 
tacts 34 and the movably mounted arcing contacts 44 
(FIG. 2). As shown in FIG. 2, the direction of electrical 
current flow in the movably nrwunted arcing contact 
arms 204 as well as the movably mounted main con- 30 
tact arms 212 is In the direction as indicated by the 
arrow 330. Since the electrical current in the movably 
mounted contact arms 204 and 212 flows in a direc- 
tion that is opposite the direction of electrical current 
flow in the upper conductor portion 324 of the line 35 
side conductor 300, magnetic repulsion forces are 
generated between the line side conductor 300 and 
the movably mounted main contact arms 212 as well 
as the movably mounted arcing contact arms 204. 
When the level of electrical current flowing through 40 
the line side conductor 300 and the movably mounted 
contact arms 204 and 212 becomes sufficiently high, 
for example, due to a short circuit current, sufficient 
magnetic repulsion forces will be generated to blow 
open the main contact arms 21 2 as well as the arcing 45 
contact arms 204. Such magnetic repulsion forces 
are in addition to the magnetic repulsion forces gen- 
erated by way of the reverse current loop, created in 



axis 325 of the line side conductor 302 defining a line 
side portion 336 and a contact portion 340. The main 
contact 312 and the arcing contact 314 are rigidly se- 
cured to the line side conductor 302 in a similar man- 
ner as described above. When the circuit breaker 20 
is in a closed position as illustrated In FIG. 2, electrical 
current from the line side terminal 38 flows in the di- 
rection indicated by the arrow identified with the ref- 
erence numeral 342 in the line side portion 338 of the 
line side conductor 302. The electrical currentf lowing 
in the contact portion 340 of the line side conductor 
302 flows in an opposite direction as illustrated by the 
arrow identified with the reference numeral 344, thus 
creating a reverse loop relative to the movably mount- 
ed main contact arms 212 as well as the movably 
mounted arcing contact arms 204 as discussed 
above. 

Referring to FIG. 32, an alternate embodiment of 
the present invention is illustrated wherein a reverse 
current loop is created in the line side conductor 304 
only with respect to the movably mounted arcing con- 
tact arms 204 but not the movably mounted main con- 
tact arms 212. In this embodiment, a generally U- 
shaped slot 346 is formed in an upper portion 348 of 
the line side conductor 304 defining two depending 
leg portions 347 and a bight portion 349, disposed 
such that the depending leg porttons 347 are oriented 
generally parallel to the longitudinal axis 325 and the 
bight portion 349 Is oriented generally transverse to 
the axis 325. The slot 346 forms a peninsula portion 
350 disposed intermediate two spaced apart gener- 
ally parallel depending leg portions 352 in the con- 
ductor 304. A plurality of fixed main contacts 354 are 
rigidly mounted on the depending leg portions 352 in 
a manner as described above. More specifically, the 
fixed main contacts 354 are divided between the two 
depending leg portions 352 and rigidly attached 
thereto to accommodate multiple movably mounted 
main contacts 34 carried by a plurality of movably 
mounted main contact arms, such as the contact 
arms 212. A fixed arcing contact 355 is rigidly attach- 
ed to the peninsula portion 350 in a manner as descri- 
bed above. 

Electrical current from the line side terminal 38 
flows In the direction of the arrows 356 along the de- 
pending leg portions 352 to the stationary mounted 
main contacts 354 as indicated. As illustrated by the 
arrow Identified with the reference numeral 358, eiec- 



the generally U-shaped flexible shunts 70 (FIG. 2), 
used to connect the movably mounted contact arms so 
204 and 212 to the load side conductor 78 as dis- 
cussed above. 

In an alternate embodiment of the line side con-- 
ductor illustrated in FIG. 30, the reverse current loop 
is created in the line"conductor by a generally linear 55 
saw cut as illustrated in FIG. 31. More specifically, a 
notch 332 is cut into the line side conductor 302 at a 
predetermined angle 334, relative to the longitudinal 
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trical current flows in an opposite direction into the 
peninsula portion 350, and in turn, into the stationary 
mounted arcing contact 355. The electrical current in 
the peninsula portion 350, in turn, flows into the arc- 
ing^contact arnr204 in an opposite direction; thus cre- 
ating a reverse current loop between the peninsula 
portion 350 and the movably mounted arcing contact 
arms 204, However, since the direction of electrical 
current flow in the depending leg portions 352 is in 
the same direction as the direction of electrical cur- 
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rent flow in the movably mounted main contact arm 
212, no reverse loop will be created relative to the 
movably mounted main contact arms 212. 

In another alternate embodiment of the invention 
as Illustrated in FIG. 33, reverse current loops are ere- s 
ated relative to the main contact arms 212 but not the 
arcing contact arms 204. In this configuration, addi- 
tional magnetic repulsion forces are generated to 
blow the main contact arnns 212 open before the arc- 
ing contact arms 204. As shown In FIG. 33, two gen- io 
erally L-shaped notches 360 are formed on opposing 
edges 362 and 364 of the line side conductor 306, 
each notch including a first depending leg portion 367 
and a second depending leg portion 369 oriented 
such that the first depending leg portions 367 are ori- 15 
ented generally parallel to the longitudinal axis 325 
and the second depending leg portions 369 are ori- 
ented generally transverse to the longitudinal axis 
325. The slots 366 define two main contact portions 
366 and 366 spaced apart by an aisleway portion 20 
370. A plurality of main contacts 372 are rigidly mount- 
ed to the main contact portions 366 and 368 of the 
line side conductor 306. An arcing contact 374 Is rig- 
idly secured to the line side conductor in a manner as 
described above and spaced away from the L-shaped 25 
notches 360 toward the line side terminal 38. 

When the circuit breaker 20 is closed, electrical 
current from the line side terminal 38 flows through 
the arcing contact 374 in a direction as indicated by 
the arrows, identified with the reference numeral 30 
376. Electrical current also flows in the same direc- 
tion In the aisleway portion 370 of the line side con- 
ductor 306 as indicated by the arrow identified with 
the reference numeral 378. The electrical current that 
flows into the fixed main contacts 372 flows in a re- 36 
verse direction relative to the direction of electrical 
current flow in the contact portions 366 and 368 as 
indicated by the arrows identified with the reference 
numerals 380. The direction of electrical current flow 
in the main contact portions 366 and 368 of the line 40 
side conductor 306 thus creates a reverse current 
loop with respect to the direction of electrical current 
flow in the movably mounted main contact arms 212, 
thus creating additional magnetic repulsion forces to 
allow the movably mounted main contact arms 212 to 45 
blow open prior to the arcing contact arms 204. since 
no reverse current loop Is created relative to the arc- 

Jng contact arms 204. 

Another important aspect of the present inven- 
tion relates to a contact arm assembly 400 (FIG. 34) so 
and more particularly to a two-piece carrier assembly 
402. The two-piece carrier assembly 402 in accor- 
dance with the present Invention allows better control 
of the magnitude of electrical current at which the 
main contacts 30 and the arcing contacts 40 are ss 
blown open relative to the one-piece carrier 208 illu- 
strated in FIG. 5 and obviates the need forthe HIC as- 
sembly 142 described above. In this embodiment, the 
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trip links 118 are rigidly secured to the insulator link 
120. More specifically, referring to FIG. 34 the two- 
piece carrier assembly 402 includes an inner carrier 
404 and an outer carrier 406. pivotally connected to- 
gether defining a pivot axis 407. With the two-piece 
carrier assembly 402, magnette repulsion forces gen- 
erated during relatively high overcurrent conditions 
create a torque relative to the pivot axis 407 to provide 
better control of the magnitude of electrical current at 
which blow open occurs as opposed to the one-piece 
carrier 208 and the HIC assembly 142 discussed 
above, wherein it is relatively difficult to concentrate 
the torque generated as a result of the magnetic re- 
pulsion forces about a single axis. 

The contact arm assembly 400 in accordance 
with the present inventbn is best illustrated in FIG. 
34. The contact arm assembly 400 includes a plurality 
of main contact arms 408, for example six, and a pair 
of arcing contact arms 410 for carrying the movably 
mounted main and arcing contacts 34 and 44, respec- 
tively. The main contact arms 408 (FIG. 35) as well as 
the arcing contact arms 410 (FIG. 36) are provided 
with apertures 411 which allow the contact arms 408 
and 410 to be pivotally connected to the inner carrier 
404, which, in turn, is pwotally connected to the outer 
carrier 406. More specifically, as best illustrated in 
FIGS. 37-39, the Inner carrier 404 Is formed as a gen- 
erally U-shaped member defining two generally 
spaced apart depending leg portions 412 and a bight 
portion 414. The depending leg portions 412 are pro- 
vided with aligned apertures 416. These aligned 
apertures 416 are used to provide a pivot axis for the 
main contact arms 408 as well as the arcing contact 
arms 410. More specifically, the main contact arms 
408 and arcing contact arms 410 are adapted to be 
disposed intermediate the depending leg portions 
412 of the inner carrier 404 such that the apertures 

411 are aligned with the apertures 41 6 in the depend- 
ing arm portions 412. A pin 420 is then disposed in 
the apertures 416 and 411 to provide a pivotal con- 
nection of the main and arcing contact arms 408 and 
410. respectively, relative to the inner carrier 404. 

As will be discussed in more detail below, a con- 
tact spring assembly 422 exerts a counterclockwise 
torque (FIG. 34) about the pin 420. A stop pin 424 is 
provided to limit the counterclockwise movement of 
the main and arcing contact arms 408 and 410. More 
specif ically^aligaeiapexture^ 
depending leg portions 412 of the inner carrier 404. 
The stop pin 424 is adapted to be received in the 
aligned apertures 426 In the depending leg portions 

412 of the inner carrier 404 and received in notches 
428 (FIGS. 35 and 36) formed in the main and arcing 
contact arms 408 and 410, respectively. Thus, in a 
normal position, the stop pin 424 limits the counter- 
clockwise torque exerted on the pivot pin 420 by way 
of the contact spring assembly 422. As will be dis- 
cussed in more detail below, the contact spring as- 
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sembiy 422 allows for a slight overtravel of the con- 
tact arm assembly 400 in the dosed position to create 
a contact force between the contacts. 

In order to pivotally connect the inner carrier 404 
to the outer carrier 406, aligned apertures 430 are 
provided in the depending leg portions 412 of the in- 
ner carrier 404. The outer carrier 406 is formed as a 
U-shaped member as illustrated in FIGS. 40 and 41 
defining depending leg portions 432 and a bight por- 
tion 434. Apertures 436 are provided in the depending 
leg portions 432 that are adapted to be aligned with 
the apertures 430 provided in the inner carrier 404. 
Bosses 440 may be formed on inner surfaces 441 of 
the depending leg portions 432 to provide clearance 
between the inner carrier 404 and the outer carrier 
406. Pins 442 (FIG. 34) are inserted in the apertures 
436 in the outer carrier 406 as well as the apertures 
430 in the inner carrier 404 to provide a pivotal con- 
nection therebetween. In order to avoid interference 
with the pivotal movement of the main contact arms 
408 and the arcing contact arms 410 relative to the 
inner carrier 404, the pins 442 should not extend be- 
yond the inner surface of the inner carrier 404. 

The depending leg portions 432 are also provid- 
ed with aligned apertures 444 and 446. The apertures 
444 allow for pivotal connection of the trip links 118 
.-relative to the depending arm portions 432 by way of 
pins 448 (FIG. 34), which, in turn, are connected to 
the insulator link 120 by way of a plurality of pins 449. 
JThe apertures 446 allow for pivotal connection of the 
outer carrier 406 to the L-shaped bracket 60 by way 
:of a pin 450 in a similar manner as described above. 

A spring loaded cam assembly 452 biases the 
two-piece carrier assembly 402 to prevent the Inner 
carrier 404 from pivoting relative to the outer carrier 
406 unless sufficient magnetic repulsion forces are 
generated. The spring loaded cam assembly 452 co- 
operates with a cam surface 451 formed on the de- 
pendinig leg portions 412 of the inner carrier 404. The 
spring loaded cam assembly 452 is secured to the 
outer carrier 406 by way of spaced apart apertures 
453 (FIGS. 34 and 40) provided in the bight portion 
434 of the outer carrier 406. Additionally, a pair of 
aligned slots 454 are provided in the depending leg 
portions 432 of the outer carrier 406 for receiving a 
cam roller assembly 455 (FIG. 50) which forms a part 
of the spring loaded cam assembly 452 as will be dis- 
cussed below. The operation of the two-piece carrier 
assembly 402 will be described in conjunction with 
the spring loaded cam assembly 452 below. 

The contact spring assembly 422 biases the main 
contact arms 408 as well as the arcing contact arms 
410 rotate in a counterclockwise direction (FIG. 34) 
relative to the pin 420. The contact spring housing as- 
sembly 422 includes a contact spring housing 460 
(FIG. 43) and a plurality of biasing springs 462 (FIG. 
42). The contact spring housing assembly 422 allows 
the biasing springs 462 to be located in an area of the 



circuit breaker 20 that is subjected to relatively lower 
heat than current designs. In FIG. 5, the biasing 
springs are located toward the contact end of the 
main contact arms 212 and the arcing contact arnr^ 

5 204 to the left of the pivot axis defined by the pin 220 
(i.e. as shown in FIG. 5). In such a design, the biasing 
springs are subject to a relatively large amount of heat 
during contact separation. Therefore, in FIG. 5, a 
housing 200 is provided to protect the arcing contact 

10 biasing springs from damage due to heat. In that em- 
bodiment, although the main contact arm biasing 
springs are located to the right of the arcing contact 
biasing springs 203 such biasing springs still must be 
located to the left (FIG. 2) of the pivot axis. Conse- 

15 quently, although the main contact arm biasing 
springs are located in an area subject to a relatively 
lower amount of heat than the arcing contact biasing 
springs 203, such main contacts biasing springs are 
still subject to damage due to the heat caused by sep- 

20 aration of the contacts. The contact spring housing 
assembly 422 soh/es this problem by locating the 
biasing springs for the main contact arms 408 as well 
as the arcing contact arms 410 to the opposite side 
of the contact arm pivot axis 420 (FIG. 42). By locat- 

25 ing the contact spring housing assembly 422 in such 
a location, the biasing springs 462 are located in an 
area that is subject to relatively less heat than the 
biasing springs illustrated in FIG. 5 and are thus less 
likely to become damaged. 

30 The contact spring housing 460 are formed from 

an electrically insulating material as a substantially 
elongated rectangular member having a plurality of 
apertures 464. These apertures 464 provide two 
functions. First, the apertures 464 act as a spring re- 

35 tainer for retaining a bottom portion of the biasing 
springs 462 as shown in FIG. 42. Second, the aper- 
tures 464 also function to locate the spring housing 
460 relative to the inner carrier 404. More specifical- 
ly, the spring housing 460 is carried by the bight por- 

40 tion 414 of the inner carrier 404. The bight portion 414 
of the inner carrier 404 is provided with a plurality of 
spaced apart projections 466 (FIGS. 37 and 39) that 
are adapted to be received in the apertures 464 of the 
spring housing 460. By forming the apertures 464 

45 slightly larger than the diameter of the biasing 
springs 462, the projections 466 (FIGS. 36, 39) and 
the bight portion 414 of the inner carrier 404 may be 

use d to capture the bottom portion of the biasing 

springs 462 and at the same time capture the contact 

50 spring housing 460 to prevent movement of the hous- 
ing 460 relative to the inner carrier 404. The top por- 
tions of the biasing springs 462 are captured by U- 
shaped notches 467 (FIGS. 35 and 36). 

In operation, the biasing springs 462 provide a 

55 generally upward force against the main contact arms 
408 as well as the arcing contact arms 410. This up- 
ward force generates a torque relative to the pivot 
axis 420. When the contacts are in a closed position 
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as shown in FIG. 42, a slight amount of overtravel of 
the main contact arms 408 as well as the arcing con- 
tact arms 410 Is created by the operating mechanism 
88 to create a contact pressure between the arcing 
contacts 44 and the main contacts 34. More specifi- s 
cally, with reference to FIG. 42, the operating mech- 
anism 88 causes the main contact arms 408 as well 
as the arcing contacts 410 to be slightly spaced away 
from the stop pin 424. The biasing springs 462 cause 
an upward force on the contact arms 408 and 410 io 
which generates a counterclockwise torque relative to 
the pivot axis 420 to create a contact pressure or con- 
tact force on the main contacts 34 as well as the arc- 
ing contacts 44 when the circuit breaker is in a closed 
position. Once the main contact arms 408 and arcing is 
contact arms 410 begin to open either during a trip- 
ping mode or when the circuit breaker 20 is manually 
opened, the biasing springs 462 cause the contact 
arms 408 and 41 0 to pivot about the pivot axis 420 un- 
til the notches 428 of such contact arms 408 and 410 20 
engage the stop pin 424. 

Another important aspect of the present inven- 
tion relates to the spring loaded cam assembly 452. 
The spring loaded cam assembly 452 works in con- 
junction with the two-piece carrier assembly 402 to 25 
ensure that the main and arcing contact arms 408 
and 410 blow open at a predetermined level of elec- 
trical current More specifically, the spring loaded 
cam assembly 452 biases the Inner carrier 404 in- 
cluding the main contact arnr^ 408 and arcing con- 30 
tacts 410, such that the assembly operates in con- 
junction with the outer carrier 406 during normal load 
conditions. Once the electrical current in the circuit 
breaker 20 exceeds a predetermined level, for exam- 
ple, a short circuit current, sufficient magnetic repul- 35 
sion forces are generated which act against and over- 
come the biasing force provided by the spring loaded 
cam assembly 452 to cause the inner carrier 404 as 
welt as the main and arcing contact arms 408 and 410 
to be released from the outer carrier 406 and blown 40 
open. 

The spring loaded cam assembly 452 allows the 
biasing force to be rather quickly and easily adjusted. 
The spring loaded cam assembly 452 includes a cam 
spring housing 470 (FIG. 47) and a plurality of biasing 45 
springs 472 (FIGS. 44, 46) for provkJing a predeter- 
mined biasing force. The biasing force required by the 
_ spring loaded cam assembly 452 is a dependent upon 
the magnetic repulsion forces generated within the 
circuit breaker 20. In this embodiment, the magnetic so 
repulsion forces are generated primarily by the flex- 
ible shunts 70. In such an embodiment, the biasing 
force provided by the spring loaded cam assembly 
452 is a function of the magnetic repulsion forces 
generated by the flexible shunt 70 In response to a 55 
predetermined overcurrent, such as a short circuit 
current. In alternate embodiments of the invention, 
reverse current loops are provided between the mov- 



ably mounted contact arms 408 and/or 410 and the 
line conductor 300, 302, 304 and 306. In these em- 
bodiments, the biasing force of the spring loaded cam 
assembly 452 is a function of the magnetic repulsion 
forces generated by the flexible shunts 70 as well as 
the reverse current loops formed between the line 
conductor 300, 302, 304 and 306 and the movably 
mounted contact arms 408 and 410 at a predeter- 
mined level of overcurrent The biasing force can be 
adjusted by adjusting the number of biasing springs 
472 disposed in the housing 470 or by adjusting the 
spring characteristics of the biasing springs 472. 
Moreover, as will be discussed below, the cam sur- 
faces 451 formed on the Inner carrier 404 may also 
be used to adjust the biasing force provided by the 
spring loaded cam assembly 452. 

Operation of the spring loaded cam assembly 
452 is best understood with reference to FIGS. 44, 45 
and 46. As shown in FIG. 44. the circuit breaker 20 is 
illustrated in a dosed position. In this position, the in- 
ner carrier 404 is mechanically coupled to the outer 
carrier 406 by way of the spring loaded cam assembly 
452. More specifically, cam surfaces 451 formed on 
the Inner carrier 404 together with a cam roller as- 
sembly 455, which forms a portion of the spring load- 
ed cam assembly 452. provide mechanical coupling 
between the inner carrier 404 and the outer carrier 
406 when the electrical current is below a predeter- 
mined high level, such as a short circuit level. In the 
closed position as illustrated in FIG. 44, the cam roller 
assembly 455. under the influence of the biasing 
springs 472. exerts a force against the cam surfaces 
451. Since the spring loaded cam assembly 452 is 
coupled to the outer carrier 406 as discussed above, 
the biasing force provided by the biasing springs 472 
and the cam roller assembly 455 act to mechanically 
couple the Inner carrier 404 to the outer carrier 406. 
As long as the electrical current is below a predeter- 
mined level, such as a short circuit level, the inner 
carrier 404 will remain mechanically coupled to the 
outer carrier 406 even when the circuit breaker 20 is 
placed in an open position as shown in FIG. 45. Since 
the trip links 118 are pivotally connected to the outer 
carrier 406, movement of the operating handle 140 to 
an open position as shown in FIG. 45 will cause the 
outer carrier 406 as well as the inner carrier 404 to 
move in unison to an open position by way of the op- 
erating mechanism 88 Io similar manner as dis- 
cussed above. 

When the electrical current in the circuit breaker 
reaches a sufficiently high level, magnetic repulsion 
forces are generated which cause a clockwise torque 
about the pivot axis 420. The clockwise torque caus- 
es the cam surface 74 to exert a force on the cam roll- 
er assembly 455 which, in turn, causes the biasing 
springs 472 to be compressed. As the biasing springs 
472 are compressed, the Inner carrier 404 pivots 
about the pivot axis 420 to allow the main contact 
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arms 408 as well as the arcing contact arms 410 to 
be blown open as shown in FIG. 46. During a blow 
open condition, the outer carrier 406 remains in the 
same position as in the closed position. In order to re- 
set the circuit breaker after a blow open condition, the 
operating handle 1 40 is moved to an open position as 
shown in FIG. 45 and then placed in the closed pos- 
ition as shown in FIG. 44. 

The cam spring housing 470 is illustrated in FIGS. 
47-49. The cam spring housing 470 is formed as an 
Irregular-shaped member from an electrically insulat- 
ing material. An elongated slot 474 is provided in one 
portion of the cam spring housing 470, generally par- 
allel to a longitudinal axis 476. A plurality of apertures 
484 are provided generally transverse to the slot 474. 
The apertures 484 are for receiving the biasing 
springs 472. Additionally, apertures 473 are provided, 
adapted to be aligned with the apertures 453 (FIG. 
40) in the outer carrier 406 to enable the cam spring 
housing 470 to be rigidly secured to the bight portion 
434 of the outer carrier 406 with suitable fasteners 
(not shown). The cam spring housing 470 is also 
formed with a notch 486. As best shown in FIGS. 44- 
46, the notch 486 is adapted to ride on a mechanical 
support pin 488 (FIGS. 44-46) to provide additional 
support for the assembly. 

V. The cam roller assembly 455 is disposed within 
the elongated slot 474. One end of the biasing springs 
472 is disposed against the cam roller assembly 455. 
The other end of the biasing springs 472 seat against 
the bight portion 434 of the outer carrier 406. The 
cam roller assembly 455 is best illustrated in FIG. 50. 
The cam roller assembly 455 includes a pin 490, a 
central sleeve 492 and two outer sleeves 494. The 
central sleeve 492 as well as the outer sleeves 494 
are formed with a diameter slightly greater than the 
diameter of the pin 490. Moreover, the combined 
length of the central sleeve 492 as well as the outer 
sleeves 494 is formed to be slightly less than the 
length of the pin 490. 

The cam roller assembly 455 allows independent 
rotation of the outer sleeves 494 relative to the central 
sleeve 492. More specifically, the outer sleeves 494 
are received in the slots 454 (FIGS. 41, 44. 45, 46) 
formed in the outer carrier 406. The central sleeve 
492 acts as a cam follower and engages the cam sur- 
face 451 formed in the rear portion of the inner carrier 
404^ 

Another important aspect of the present inven- 
tion relates to a molded interphase gas barrier 500. 
Such interphase gas barriers are utilized to prevent 
damage to a circuit breaker as a result of a circuit in- 
terruption. More specifically, ionizing gases are gen- 
erated within the circuit breaker as a result of the sep- 
aration of the main contacts. Since such gases are 
conductive, communication of such gases between 
phases or between a phase and ground can cause a 
short circuit condition. Consequently, these gases 
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are known to be segregated and generally channeled 
through an arc extinguisher and vented out the circuit 
breaker. 

In order to segregate such ionizing gases, each 
5 pole within a multiple pole circuit breaker is segregat- 
ed by way of interior side walls which define one or 
more phase compartments. However, since the 
crossbar normally communicates with all poles in a 
multiple pole circuit breaker, various openings in the 

10 side waits are provided to allow the crossbar to pass 
therethrough. In order to seal the space between the 
crossbar and the openings in the interior side waits, 
interphase barriers are normally provided. Known in- 
terphase barriers, such as the interphase barrier 502 

15 illustrated in FIG. 51 , are formed from stamped plastic 
and provided with a centrally disposed aperture 504 
for receiving an insulating sleeve, such as the insula- 
tor link 120. A rubber cement is normally applied 
about the interface 505 defined between the insulator 

20 link 1 20 relative to the aperture 504 to provide a gen- 
erally gas tight seal. 

There are several problems with a known inter- 
phase gas barrier, such as the Interphase gas barrier 
502. First, there is no way to ensure uniform quality 

25 of the seal at the interface 505 between the aperture 
504 and the insulator link 120. More specifically, the 
quality of the seal is a function of the assembly per- 
sonnel experience. Relatively Inexperienced assenr>- 
bly personnel may inadvertently fail to completely 

30 seal the interface 505. Second, such interphase bar- 
riers 502 are normally assembled to the pole assem- 
blies prior to the installation of such pole assemblies 
into the circuit breaker housing. Accordingly, such in- 
terphase gas barriers 502 have known to become 

3$ misaligned when the pole assembly is installed in the 
circuit breaker housing requiring a realignment of the 
interphase barrier relative to the crossbar and possi- 
bly resealing of the interface 505. 

The interphase barrier, in accordance with the 

40 present invention, generally identified with the refer- 
ence numeral 500, solves these problems by obviat- 
ing the need to seal the interface relative to the insu- 
lator link 120 as well as providing a structure that can 
be registered with the insulator links 120 which minh 

45 mizes. if not eliminates, the possibility of misalign- 
ment during assembly. More specifically, the inter- 
phase barrier 500 in accordance with the present in- 

v entio n is ge nerall y illustrated in FIGS. 52-55. FIGS . 

52 and 53 illustrate an embodiment of the interphase 

50 gas barrier 500 for use in the outside poles of a three 
pole circuit breaker. FIG. 54 illustrates an embodi- 
ment of the interphase gas barrier 500 for use in an 
outside pole of a four pole circuit breaker. 

Referring to FIGS. 52 and 53, the interphase gas 

55 barrier 500 in accordance with the present invention 
may be molded from a plastic material defining an ir- 
regular-shaped plate portion 506 with a generally 
centrally disposed aperture 508. Asleeve portion 510 
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is concentrically disposed relative to the aperture 508 
and extends axialiy outwardly and generally perpen- 
dicular from one side of the plate portion 506 defining 
an outer pole side 512. The opposite side of the inter- 
phase gas barrier 500 defines a center pole side 514. 5 
In order to strengthen the centrally disposed aperture 
508, a concentric boss 513 is provided. The concen- 
tric boss 513 is provided on the center pole side 514 
of the interphase gas barrier 500 as shown in FIG. 52. 

In order to seal the interface between the cross- io 
bar 126 and the interphase gas barrier 500, the diam- 
eter of the centrally disposed aperture 508 is formed 
to be slightly larger than the diameter of the crossbar 
126 to provide a generally snug fit therebetween. By 
providing such a snug fit between the crossbar 126 is 
and the interphase gas barrier 500, the need to seal 
the interface 516 therebetween with, for example, a 
rubber cement as in known circuit breakers, is obvi- 
ated. Accordingly, the interphase gas barrier 500 in 
accordance with the present invention allows for a 20 
generally uniform and consistent seal at the interface 
505 relative to the crossbar 126 which does not de- 
pend on the experience of the personnel assembling 
the circuit breaker. 

The Inside diameter of the sleeve portion 510 is 25 
generally formed to have substantially the same di- 
ameter as the cylindrical portion 156 (FIG. 9) of the 
insulator links 120 in the outer poles. In order to reg- 
ister the interphase barrier 500 with the insulator links 
120 in the outside poles, the sleeve portion 510 is 30 
formed with a slot 51 5 adjacent a nrx)uth 520 defined 
on one end of the sleeve portion 510. The slot 615 is 
adapted to receive a tab 522 extending axially out- 
wardly from the cylindrical portion 156 of the outside 
insulator links 120. The combination of the slot 515 35 
and the tab 522 facilitates radial alignment of the in- 
terphase barrier 500 relative to the insulator links 
120. Such an arrangement minimizes misalignment 
of the interphase barriers 504 during assembly. 

Another important aspect of the invention is that 40 
axial misalignment of the interphase gas barrier 500 
during assembly is minimized. More specifically, it is 
necessary to align the interphase gas barrier 500 
such that the plane of the plate portion 506 is gener- 
ally perpendicular to the axis of the crossbar 126. In 45 
known designs, which are generally planar, such as 
the interphase gas barrier 502. the plane of the inter- 
phase gas barrier 502 often becomes canted relative 
to an axis generally perpendicular to the axis of the 
crossbar during assembly. This misalignment of the so 
interphase gas barrier 502 during assembly occurs in 
part because the barrier 502 is supported solely by 
the centrally disposed aperture 504 therein. The in- 
terphase gas barrier 500 in accordance with the pres- 
ent invention minimizes thte problem by providing the 55 
sleeve portion 510 which allows the interphase gas 
barrier 504 to be relatively securely seated against 
the cylindrical portion 156 of the outer pole insulator 
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links 120. 

As shown in FIG. 55, two interphase gas barriers 
500 are provided for a three pole circuit breaker. As 
shown, the sleeve portions 510 are seated against 
the cylindrical portion 156 of the outer pole insulator 
links 120 such that the tabs 522 formed on the insu- 
lator links 120 are received in the slots 515. formed 
in the sleeve portions 510. Extending ends 526 of the 
crossbar 126 are then received in the centrally dis- 
posed apertures 508 to form an assembly. The as- 
sembly Is then installed into a molded base 24 of a cir- 
cuit breaker housing 22. 

As shown in FIG. 56, the interior side walls 254 
of the molded base 24 are provided with cut oute 528. 
Such cut outs 528 are formed to allow movement of 
the crossbar in all anticipated operating conditions. 
The plate portion 506 is shaped to close the cutouts 
528 during ail such anticipated positions of the cross- 
bar 126. Recesses 530 are formed in the side walls 
254 for receiving the interphase gas barrier 504 as 
well as a generally planar insulation piece 532. 

An alternate embodiment of the Invention Is illu- 
strated In FIG. 54. The Interphase barrier 534 Is used 
to provide an interphase gas barrier between two out- 
side poles of a four pole circuit breaker. More specif- 
ically, a four pole circuit breaker is illustrated in FIG. 
63 which includes pole compartmente 536, 638, 540 
and 542. The pole compartment 538 contains the op- 
erating mechanism 88. The pole compartments 534 
and 540 are disposed adjacentthe pole compartment 
538. The pole compartment 542 is disposed furthest 
away from the pole compartment 538. The interphase 
gas barrier 534 is adapted to be disposed t)etween 
the pole compartments 540 and 542. In such an ap- 
plication, the interphase gas barrier 534 is formed 
from a plate portkm 544 and two extending sleeve 
portions 546 extending axially outwardly from both 
sides of the plate portion 544. In such an application, 
the interphase gas barrier is adapted to seat against 
the insulator links 120 between the pole compart- 
mente 540 and 542. The interphase gas barrier 534 
also Includes a slot 548 for facilitating radial alignment 
of the barrier 534 relative to the insulator links 120 in 
a manner as discussed above. 

Rating plug assemblies are generally known in 
the art. Such rating plug assemblies cooperate with 
the electronic trip unit to establish the trip rating for 
the circuit breaker. More specifically, as is known In 
the art, such electronic trip units are adapted to be 
utilized for a range of tripping values. Known rating 
plug assemblies include a resistor mounted to a print- 
ed circuit board that is adapted to plug into the elec- 
tronic tripping unit to provide a predetermined tripping 
value determined by the value of the resistor 

Such rating plug assemblies are formed as mod- 
ular assemblies which allow for relatively quick and 
convenient installation and removal relative to an 
electronic trip unit In order to prevent removal of the 
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rating plug assembly from the electronic trip unit while 
the circuit breaker is in a closed position and to pre- 
vent closing of a circuit breaker from which the rating 
plug assembly has been removed, the assembly is 
mechanically interlocked with the electronic trip unit 5 
and, in particular, the trip bar. More specifically, such 
rating plug assemblies normally include an elongated 
spring loaded plunger formed with an actuation sur- 
face at one end and a slotted head on the opposing 
end. The actuation surface cooperates with a cam io 
disposed within the electronic trip unit to prevent re- 
moval of the rating plug assembly unless the trip bar 
is in a trip position. The actuation surface in cooper- 
ation with the cam also prevent the trip bar from being 
reset when the rating plug assembly has been re- is 
moved from the elecb'onic trip unit Moreover, the rat- 
ing plug assembly also allows the circuit breaker to be 
manually tripped in order to permit removal of the rat- 
ing plug assembly from the electronic trip unit. More 
specifically, depression of the slotted head formed on 20 
the end of the spring loaded plunger causes the ac- 
tuation surface to engage the trip bar and cause the 
trip bar to rotate to a trip position. Once the. circuit 
breaker is tripped, the spring loaded plunger may be 
rotated to a remove position to enable the rating plug 25 
assembly to be removed from the electronic trip unit. 

In order to assure proper operation of the circuit 
breaker during all operating conditions including a 
short circuit condition, rt is known to provide means 
for captivating the spring loaded plu.nger relative to 30 
the rating plug assembly. More specifically, during 
relatively high overcurrent conditions, such as a short 
circuit condition, relatively high gas pressure is gen- 
erated behind the rating plug. In order to prevent the 
spring loaded plunger from being dislocated relative 3S 
to the rating plug assembly due to the high gas pres- 
sures, two-piece plungers have heretofore been 
known to be provided. For example, FIG. 57 illustrates 
a known rating plug assembly with a two-piece plung- 
erdesign, 550. The rating plug assembly 550 includes 40 
a rectangular housing 552 open on one end 554 which 
includes an aperture 556 on a surface 558 opposite 
the open end 554. The rating plug assembly 550 fur- 
ther includes a printed circuit board 560 which in- 
cludes a resistor 562 and terminals 564 for connect- 45 
ing the rating plug assembly 550 to an electronic trip 
unit The printed circuit board 560 includes an aper- 

("_9* shown) ?^?Pj6dJo be aligned_with 
ture 556. Atwo-piece plunger assembly 568 is provid- 
ed, adapted to be captured relative to the rating plug so 
assembly 550. More specifically, the plunger assem- 
bly 568 includes a first portion 570 which includes an 
elongated shaft 572 formed with an enlarged head 
574 at one end. A second plunger portion 576 is 
formed with a generally hollow cylinder portion 578 ss 
with an enlarged portion 580 at one end which acts 
as the actuation surface. The shaft 572 of the first 
plunger portion 570 is adapted to be received in the 



apertures 556 formed in the housing 552 as well as 
the aperture in the printed circuit board 560 and an 
aperture (not shown) formed in an insulation piece 
569 used to protect the printed circuit board 560. The 
diameter of the shaft 572 is formed to be slightly 
smaller than the diameter of the apertures 556 and 
566 in order to allow the shaft 572 to be received in 
the apertures 566 and the apertures formed in the 
printed circuit board 560 and insulation plate 569. The 
inner diameter of the cylindrical portk)n 578 of the 
second plunger portion 576 is formed slightly larger 
than the diameter of the shaft portion 572. The outer 
diameter of the shaft portion 572 is formed slightly 
larger than the diameter of the apertures in the print- 
ed circuit board 560 and insulation plate 569. The hol- 
low cylindrical portion 578 is adapted to receive a free 
end 582 of the shaft portion 572 once the printed cir- 
cuit board 560, insulation plate 569 and first plunger 
portion 510 have been assembled. By securing the 
hollow cylindrical portion 578 to the extending shaft 
portion 572, the plunger assembly 568 Is thus cap- 
tured relative to the rating plug assembly 550. 

One problem with such a design Is that the joint 
formed between the shaft portion 572 and the hollow 
cylindrical portion 578 must be able to withstand the 
force resulting from the relatively high gas pressures 
generated t>ehind the rating plug assembly 550 dur- 
ing relatively high overcurrent conditions, such as a 
short circuit condition. In known rating plug assem-- 
blies, such as the rating plug assembly 550, the two 
plunger portions 570 and 576 have been pinned to- 
gether by way of a pin 586, oriented transverse to a 
longitudinal axis of the plunger assembly 568. Al- 
though such a joint performs adequately, it is relative- 
ly expensive and time consuming from a manufactur- 
ing stand-point 

The rating plug assembly 600 solves this problem 
by providing a one-piece plunger which is captured 
relative to the rating plug assembly 600. More specif- 
ically, with reference to FfGS. 58-60, the rating plug 
assembly 600 includes a rectangular housing 604 de- 
fining a top surface 606 and four side portions 608, 
open on one end 61 0. An integrally formed cylindrical 
portion 612 projects from the top surface 606 toward 
the open end 61 0. As best shown in FIGS. 59 and 60, 
the cylindrical portion 612 is formed with a pair of arc- 
uate shoulders 614 at a free end 61 6 of the cylindrical 
p ortion 612 d efining a g ene rally rectangular slot 618„ 
oriented, generally parallel to a longitudinal axis 620 
of the housing 604. 

An arcuate slot 622 is formed in the top surface 
606 concentric with the cylindrical portion 612. As will 
be discussed in more detail below, the arcuate slot 
622 defines an operate position and a remove posi- 
tion for the rating plug assembly 600. 

The rating plug assembly 600 also includes a 
printed circuit board 624. The printed circuit board 624 
carries a resistor 626 (which may be adjustable), a 
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plurality of electrical terminals 628 (FIGS. 61, 62) 
which allows the rating plug assembly 600 to be plug- 
ged into an electronic trip unit 72 as well as providing 
the appropriate interconnections between the resis- 
tor 626 and the terminal 628. The printed circuit board s 
624 Is formed as a generally rectangular member 
adapted to be received within the housing 604 having 
a circular aperture 630 adapted to be aligned with the 
cylindrical portion 612. 

A plate 632, formed from, for example, an insula- to 
tion material, is also provided to protect the printed 
circuit board 624 from damage due to ionizing gases 
generated within the circuit breaker during interrup- 
tion of a relatively high overcurrent condition. The 
plate 632 Is formed with a generally rectangular aper- is 
ture 634 oriented generally transverse to the longitu- 
dinal axis 620. The combination of the rectangular 
aperture 634 in the plate 632 along with the rectan- 
gular slot 618 oriented perpendicular to each other 
when assembled function to capture the one-piece 20 
plunger 602 relative to the rating plug assembly 600. 

The one-piece plunger 602 is formed with an 
elongated shaft portion 636 with a head portion 638 
formed on one end and an actuation portion 640 
formed on the opposite end. The head portion 638 is 25 
formed with a generally rectangular slot 642 and a ra- 
dial projection 644. The radial projection 644 is adapt- 
ed to be received in the arcuate slot 622 formed in the 
top surface 606 of the housing 604 to allow the plung- 
er 602 to be rotated between an operate position as 30 
shown in FIG. 61 and a remove position as shown in 
FIG. 62. 

The actuation portion 640 is formed as a rectan- 
gular member integrally formed with two arcuate 
sides 646. The radius of the arcuate side 646 is se- 35 
looted slightly smaller than the radius of the cylindri- 
cal portion 612 as well as the circular aperture 630 
formed in the printed circuit board 624. Additionally, 
the diameter defined between the two opposing arc- 
uate sides 646 is selected to be slightly smaller than 40 
the length of the slot 618 formed in the free end 616 
of the cylindrical portion 612 to allow the actuation 
portion to be received therethrough during assembly. 

A pair of oppositely disposed radial projections 
648 (FIG. 58) are formed on the shaft portion 636. 45 
These radial projections 648 are radially aligned with 
the arcuate sides 646. The radial projections 648 co- 
operate with the slot 618 formed at the free end 616 
of the cylindrical portion 612 and the slot 642 formed 
In the plate 632 to capture the plunger 602 relative to so 
the rating plug assembly 600. More specifically, with 
reference to FIGS. 61 and 62, the radial projections 
644 are oriented generally transverse to the slot 618 
in an operate position as shown in FIG. 62 which acts 
to capture the plunger 602 relative to the housing 604 55 
and generally parallel to the slot 61 8 in a remove pos- 
ition. 

A biasing spring 650 is provided and disposed 



about the shaft portion 636. The biasing spring 650 
biases the one-piece plunger 602 upwardly when the 
rating plug assembly 600 is in an operate position. 

In order to secure the assembly together, the 
housing 604 is formed with a plurality of standoffs 652 
formed with Integrally formed with centrally disposed 
apertures 654. The printed circuit board 624 as well 
as the plate 632 are also provided with apertures 656 
which are adapted to be aligned with the apertures 
654 formed in the standoff 652. Fasteners, such as 
rivets 658, may be used to secure the assembly to- 
gether. 

The rating plug assembly 600 is assembled by 
placing the biasing spring 650 around the plunger 
602. Next, the printed circuit board 624 is seated 
against the standoffs 652 formed in the housing 604. 
The one-piece plunger 602 in accordance with the 
present invention is then inserted through the cylin- 
drical portion 612 in the housing 604 and through the 
circular aperture 630 formed In the printed circuit 
board 624. Subsequently, the one-piece plunger 602 
is rotated approximately one-quarter turn. Next, the 
barrier plate 632 Is positioned relative to the printed 
circuit txjard and the assembly Is secured together by 
way of the rivets 658. 

Afour pole circuit breaker 700 is Illustrated in FIG. 
63. Such circuit breakers 700 are used in 277 volt 
lighting systems. The four pole circuit breaker 700 in- 
cludes pole compartments 536, 538, 540 and 542. As 
shown, the operating mechanism 88 is operativety 
disposed in the pole compartment 538. The crossbar 
126 Is operativeiy coupled to the pole compartments 
536, 640 and 542 by way of the trip links 118 and the 
insulator links 120 in each of the poles 536, 538, 540 
and 542. 

Such crossbars are not perfectly righJ and thus 
are subject to deflection. In an application such as a 
four pole circuit breaker, the problems caused by the 
deflection of the crossbar due to the various unbal- 
anced loads become more acute the ferther away 
from the operating mechanism. Additionally, the un- 
balanced loads within the circuit breaker also cause 
a certain amount of deflection and bending of the op- 
erating mechanism 88. Due to the deflection of the 
crossbar, particularly at a remote pole compartment, 
such as the pole compartment 542, as well as the de- 
flection within the operating mechanism 88. the con- 
tact force between the separable main contacts 34 in 
the remote pole compartment 542 have been known 
to be relatively less than the contact force between 
the pairs of separable main contacts disposed in the 
pole compartments 536, 538 and 540 when the circuit 
breaker Is in a closed position. The present Invention 
solves this problem by providing a cam plate 702 in 
the outside pole compartment 542 for guiding the end 
of the crossbar. Additionally, in order to maintain in- 
sulation integrity of the circuit breaker 20. the cross- 
bar is segmented and isolated. More specifically, re- 
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ferring to FIG. 64, a relatively shorter crossbar 704 is 
provided relative to the normal length of the crossbar 
126 used in such a four pole circuit breaker 700. Ad- 
ditionally, a crossbar extension 706 is provided. The 
crossbar 704 as well as the crossbar extension 706 5 
are received in a modified insulator link 708 such that 
the ends of the crossbar 704 and the crossbar exten- 
sion 706 are spaced apart with a predetermined 
amount of the insulation material utilized for the modi- 
fied insulator link 708 disposed therebetween. A por- io 
tion of t he crossbar extension 706 extends axially out- 
wardly from the modified insulator link 708 forming a 
cam follower. As will be discussed below, the cam fol- 
lower 710 cooperates with the cam plate 702 to com- 
pensate for the deflection of the crossbar in the four is 
pole circuit breaker 700. 

As best shown in FIG. 64, the cam plate 702 is 
disposed between the modified insulator link 708 and 
an interior surface 712 of an outside wall 714 which 
forms a portion of the molded base 24. The cam plate 20 
702 is formed with an Irregular-shaped aperture 716 
which allows free movement of the crossbar during all 
anticipated operating conditions of the circuit breaker 
20. The irregular-shaped aperture 716 is formed with 
a knee portion 71 8 which forms a cam surface. The 2S 
size and shape, and particularly the active slope of 
the cam surface must be carefully matched to the se- 
lection characteristics of the system to achieve the 
proper results. 

The cam surface 718 compensates for the effect so 
of deflection of the crossbar by deflecting the cross- 
bar upwardly near the end of the closing stroke there- 
by providing sufficient contact force between the sep- 
arable main contacts 34 in the remote pole compart- 
ment 542 when the circuit breaker Is in a closed pos- 35 
ition. More specifically, with reference to FIG. 66, the 
range of motion of the crossbar during a closing op- 
eration Is indicated by the arc 720. During the initial 
portion of the closing stroke, the crossbar follows its 
normal path. As the crossbar reaches the end of its 40 
closing stroke (e.g., the crossbar extension 706 en- 
gages the cam surface 718) the crossbar 704 is de- 
flected upwardly. This upward deflection is controlled 
and allows for proper contact force between the con- 
tiact 34 in the remote pole 542. More specifically, the 45 
contact force between the separable contacts 34 and 
the remote pole 542 is dependent in part on the vert- 
ical relationship of the crossbar relative to the fixed 
main contact. In order to create a contact pressure be- 
tween the contacts 34 when the circuit breaker is in so 
a closed positton, it is necessary for the crossbar and 
the carrier assembly 402 (FIG. 34) to travel to a pos- 
ition In which the contact springs 462 (FIG, 42) be- 
tween each of the contact arms 408 and 410 is slight- 
ly compressed. In known four pole circuit breakers, a 55 
generally upward deflection of the crossbar will re- 
duce the overtravel of the carrier assembly 402 thus 
reducing the contact pressure of the contacts 34 in 



the remote pole 542. By providing the cam plate 702 
the upward deflection is controlled while, at the same 
time, assuring proper contact pressure between the 
contacts 34 in the outside pole 542. 

As previously mentioned, the cam plate 702 al- 
ters the normal motion of the crossbar. In order to pro- 
vide proper operation of the circuit breaker 20 it is 
necessary to alter the normal travel path of the cross- 
bar during a tripping operation. More specifically, dur- 
ing a tripping operation the normal path of the cross- 
bar would interfere with the cam plate 702. If the 
crossbar was completely rigid this would prevent the 
circuit breaker 20 from tripping. However, since the 
system is flexible due to the flexibility of the crossbar 
and the deflections in the operating mechanism 88 
during a tripping operation, the crossbar extension 
706 follows the cam surface 718 for its limited effec- 
tive stroke until the crossbar extension 706 becomes 
free of the cam surface 718 and reverts back to its 
normal motion. In order to insure relatively reliable 
tripping action it is necessary to alter the path of the 
crossbar at the start of the tripping stroke. More spe- 
cifically, because of the normal travel path of the link- 
ages in the operating mechanism 88 during a tripping 
stroke, a modified cradle 722 with a kicker arm 724 
is provided as illustrated in FIG. 68. As shown, the 
cradle 722 is simOar to the cradle 104 (FIG. 2) dis- 
cussed above but further includes the kicker arm 
724. The kicker arm 724 alters the nnotion at the start'^ 
of the tripping stroke to assist in preventing impedi-.^ 
ment of motion and further acts to limit the amount of . 
deflection of the crossbar by following the cam sur- 
face. As shown in FIG. 67, an arc 726 illustrates the 
altered tripping path of the crossbar extension 706 in 
the remote pole compartment 542. An arc 728 illus- 
trates the altered tripping path at the beginning of the 
tripping stroke of the crossbar 704 in the pole 538. By 
controlling the motion of the crossbar 704 due to its 
flexibility, reliable tripping is assured. 



Claims 

1 . A molded case circuit breaker comprising a mold- 
ed housing, a plurality of pairs of separable main 
contacts carried within said housing, each pair 
defining a movably mounted main contact and 
means for cooperating with said movably mount- 
ed main contacts which forms a fixed main con- 
tact portion, a plurality of movably mounted con- 
tact arms for carrying said movably mounted 
main contacts, rotatably mounted for movement 
defining a closed position, an open position, a trip 
position, and a blow open position, an operating 
mechanism, operably coupled to said plurality of 
movably mounted contact arms, for controlling 
movement of said plurality of movably mounted 
contact arms defining a closed position, an open 
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position and a trip position, and a substantially 
flat line side conductor for carrying said fixed 
main contact portions defining a contact portion 
adjacent one end forming a line side terminal on 
an opposing end, said line conductor including s 
means for reversing the direction of electrical 
flow in said cooperating means relative to the di- 
rection of electrical current flow from the line side 
terminal when the circuit breaker is in a closed 
position, in which said line side conductor is io 
formed as a sut>stantially flat rectangular menv 
t>er defining a longitudinal axis and transverse 
axis. 

2. A circuit breaker as claimed in claim 1. wherein is 
said cooperating means includes at least a single 
elongated contact, rigidly secured to said line side 
conductor, adapted to cooperate with said plural- 
ity of movably mounted main contacts forming a 
plurality of pairs of separable main contacts. 20 

3. A circuit breaker as claimed in claim 1 , including 
one or more pairs of arcing contacts, each pair of 
arcing contacts defining a fixed arcing contact 

and a movably mounted arcing contact; one or 25 
more movably mounted arcing contact arms for 
carrying said movably mounted arcing contacts, 
said arcing contact arms operatively coupled to 
said operating mechanism and means for rigidly 
carrying said f ixed arcing contact relative to said 30 
line side conductor. 



in said relatively longer leg portion is disposed 
generally parallel with said longitudinal axis of 
said line conductor. 

9. A circuit breaker as claimed in claim 6, wherein 
said linear cut out is disposed at a predetermined 
angle relative to said longitudinal axisof said line 
conductor. 

10. A circuit breaker as claimed in claim 3, in which 
in which said arcing contact arms operatively 
coupled to said operating mechanism and means 
for rigidly carrying said fixed arcing contact rela- 
tive to said line conductor, and said one or rmre 
fixed arcing contacts are nnounted within sakl 
contact portion of said line conductor. 

11. A circuit breaker as claimed In any one of claims 
3 to 10, wherein said arcing contacts are dis- 
posed adjacent said contact portion such that the 
direction of electrical current flow into said arcing 
contacts is opposite the direction of electrical cur- 
rent flow into said cooperating means when safcj 
circuit brewer is in a closed position. 

12. A molded case circuit breaker, constructed and 
adapted for use, substantially as hereinbefore de- 
scribed and illustrated with reference to the ac- 
companying drawings. 



4. A circuit breaker as claimed In daim 3, wherein 
said fixed arcing contacts is formed as a single 
elongated contact adapted to cooperate with said 35 
one or more movably mounted arcing contact 
arms forming one or more pairs of arcing con- 
tacts. 



5. A circuit breaker as claimed in any of claims 1 to 40 
4, wherein said line conductor includes a prede- 
termined number of cut outs for reversing the di- 
rection of electrical current flow in said contact 
portion relative to the direction of electrical cur- 
rent flow from said line side terminal. 45 



6. A circuit breaker as claimed in claim 5, wherein 
said predetermined number is one. and said cut 
out is linear and formed in a substantially L-shape 
defining a short leg portion and a relatively Ion- so 
get leg portion. 



A circuit breaker as claimed in claim 6. wherein 
said short leg portion of said cut out is disposed 
substantially perpendicular to said longitudinal 55 
axis of said line conductor. 



. A circuit breaker as claimed in claim 6 or 7, where- 

22 
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